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Founded  1871.    Incorporated  1883. 
Vol.  XXI.  1892.  No.  96. 


The  Two  Hundred  and  Twenty-eighth  Ordinary  Greneral  Meeting 
of  the  Institution  was  held  at  the  Institution  of  Civil 
Engineers,  25,  Great  George  Street,  Westminster,  S.W., 
on  Thursday  ^  evening,  January  14th,  1892 — ^Professor 
WiLLUM  Crookes,  F.E.S.,  late  President,  in  the  Chair. 

The  Chairman:  Gentlemen, — ^In  the  face  of  the  national 
calamity  which  has  occurred  this  day,  and  the  terrible  grief 
into  which  it  has  thrown  the  Royal  Family  and  the  whole 
country,  it  has  been  considered  by  the  Council  that  it  would 
be  proper  and  right  for  us  to  adjourn  this  meeting.  The  Council 
have  passed  the  following  resolution  :— 

"  That  the  Council  of  the  Institution  of  Electrical  Engineers 
"  request  the  President  to  convey*  to  their  Boyal 
"  Highnesses  the  Prince  and  Princess  of  Wales  the 
**  expression  of  the  great  sorrow  with  which  the  mem- 
"  bers  of  the  Institution  have  learnt  of  the  death 
"  of  His  Royal  Highness  the  Duke  of  Clarence  and 
"  Avondale,  and  of  the  profound  sympathy  of  all 
"  the  members  with  their  Royal  Highnesses  in  their 
"  heavy  affiction.'* 

Gentlemen,  I  adjourn  this  meeting  to  the  28th  of  this  month. 

VOL.  XXI.  1 
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The  Two  Hundred  and  Twenty-ninth  Ordinary  General  Meeting 
of  the  Institution  was  held  at  the  Institution  of  Civil  En- 
gineers, 25j  Great  George  Street,  Westminster,  on  Thurs- 
day evening,  January  28th,  1892  —  Professor  "Willum 
Crookes,  F.R.S.,  late  President,  in  the  Chair. 

The  minutes  of  the  Annual  General  Meeting  of  December 
10th,  1891,  and  of  the  Ordinary  General  Meeting  of  January 
14th,  1892,  were  read  and  confirmed. 

The  names  of  new  candidates  for  election  into  the  Institution 
were  announced  and  ordered  to  be  suspended. 

The  following  transfers  were  announced  as  having  been 
approved  by  the  Council: — 

Fi-om  the  class  of  Associates  to  that  of  Members — 


'H.  T.  Bamett. 
Hardman  A.  Earle. 
R.  E.  Fletcher. 
B.  C.  Jackson. 


E.  T.  Mercer. 
John  D.  Miller. 
L.  Pyke. 
G.  W.  Selby. 


0.  V.  Thomas. 


From  the  class  of  Students  to  that  of  Associates — 


H.  M,  Ackery. 
H.  W.  Bagot. 
J.  H.  Bouwer. 


A.  P.  Donnison. 
L.  "W.  de  Grave. 
L.  M.  Green. 


The  Chairman  :  I  announce  with  regret  the  death  of  one  of  our 
Honorary  Members,  whose  name  is  known  all  over  the  civilised 
world— Sir  George  B.  Airy,  Sir  George  Airy  has  been  a  mem- 
ber of  this  Institution  for  many  years,  and  his  loss  will  be  felt 
widely  in  all  branches  of  physical  science,  especially  in  astronomy, 
the  science  in  which  he  principally  earned  his  laurels. 

Donations  to  the  Library  were  announced  as  having  been 
received  from  the  Astronomer  Royal ;  Captain  E.  Ironside  Bax ; 
Mr.  Auguste  Bonel;  the  Director-General  of  Telegraphs  in  India; 
Mr.  Felix  Lucas ;  Mr.  Henry  Wilde ;  Mr.  Latimer  Clark  and 
Professor  D.    E,    Hughes,    Past-Presidents ;    Dr.    Werner    von 
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Siemens,  Foreign  Member ;  and  Mr.  John  Aylmer  and  Mr.  S.  H,  C. 
HutchinsoD,  Members;  tx)  whom  the  thanks  of  the  meeting  were 
duly  accorded. 

The  Chairman  :  I  have  now  a  very  agreeable  duty  to  perform 
before  I  vacate  this  chair,  and  that  is,  to  present  the  prizes  to 
those  who  have  won  them.  "  The  Institution  Premium,"  value 
£10,  has  been  given  to  Mr.  G.  C.  Lamb,  Mr.  E.  W.  Smith,  and 
Mr.  W.  Woods,  for  two  papers  on  "  Secondary  Cells,"  by  Professor 
Ayrton  and  themselves.  The  books  and  the  apparatus  are 
generally  selected  by  the  happy  candidates.  Mr.  Lamb  has 
chosen  books  and  a  slide  rule ;  Mr.  Smith  a  galvanometer ;  and 
Mr.  Woods  books.  I  congratulate  you,  Mr.  Lamb,  upon  the  way 
in  which  your  paper  has  been  appreciated,  and  I  hope  you  will 
convey  the  appreciation  of  the  Institution  to  your  colleagrues. 
The  "Paris  Electrical  Exhibition  Premium,"  £5,  has  been 
awarded  to  Mr.  James  Swinburne  for  his  paper  on  "  Transformer 
"  Distribution."  Mr.  Swinburne,  in  the  name  of  the  Institution, 
I  have  very  great  pleasure  in  presenting  you  with  these  books 
which  you  have  chosen,  and  I  hope  we  shall  before  long  have 
other  papers,  equally  valuable,  from  your  pen.  The  "Fahie 
"Premium  "  has  been  awarded  to  Mr.  P.  V.  Luke  for  his  paper  on 
"  The  Early  History  of  the  Telegraph  in  India."  This  premium 
will  be  sent  out  to  him  in  India.  We  have  not  yet  heard  from 
him  what  form  he  would  like  it  to  take. 

The  last  duty  which  now  devolves  upon  me  is  to  vacate  this 
chair  in  flavour  of  the  new  President,  my  successor.  Professor 
Ayrton.  I  will  not  detain  you  with  more  words  at  present, 
because  time  is  getting  on,  and  we  are  all  anxious  to  hear 
Professor  Ayrton's  Address. 

Mr.  Latimer  Clark  :  It  is  now,  I  am  sure,  a  matter  of  great 
pleasure  to  us  all  to  formally  present  a  vote  of  thanks  to  our  late 
President  on  his  retirement  fit)m  the  chair.  His  feme  through- 
out the  world  is  so  great  that  it  would  be  perfectly  unnecessary 
and  superfluous  for  me  to  dwell  upon  it ;  and  seeing  that  we  have 
so  much  business  in  hand  this  evening,  I  at  once  proceed  to  the 
point,  and  beg  to  propose  a  hearty  vote  of  thanks  to  Professor 
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Crookes  for  the  energetic  and  able  manner  in  which  he  has  fulfilled 
the  arduous  duties  of  the  chair  and  upheld  the  dignity  of  the 
Institution. 

Mr.  A.  Beceenzaun  :  I  have  much  pleasure  in  seconding  the 
vote  of  thanks  just  proposed  by  Mr.  Latimer  Clark.  It  would  be 
difficult  to  add  anything  to  the  praise  already  bestowed  upon 
Mr.  Crookes,  and  we  all  know  that  Mr.  Crookes  has  exercised  his 
Chairmanship  over  our  Society  in  the  most  excellent  manner 
possible. 

Mr.  Chookes  :  I  feel  deeply  grateful  for  the  manner  in  which 
you  have  received  the  vote  of  thanks,  and  for  the  way  in  which 
the  proposer  and  seconder  have  spoken  about  my  past  year's 
work.  It  is  with  mixed  feelings  of  regret  and  pleasure  that  I 
leave  this  chair.  Begret,  because  I  feel  I  have  not  acted  up 
to  the  standard  that  a  President  of  this  Institution  ought 
to  place  before  himself.  I  have  been  all  my  life  living  so  much 
in  the  rarefied,  high  and  dry  atmosphere  of  pure  research, 
that  I  have  sometimes  felt  out  of  touch  when  listening  to 
some  of  the  papers  which  have  been  read  here.  The  work  of 
the  President  is  not  entirely  confined  to  taking  the  chair  at 
these  meetings.  Much  more  of  the  work  is  connected  with 
committee  meetings  and  general  work  which  must  devolve  upon 
the  ostensible  head  of  a  large  Institution  like  this.  The  pleasure 
that  I  feel  in  rising  is  connected  with  the  feeling  that  I  am 
giving  up  the  chair  to  so  excellent,  so  typical  a  President  as 
my  successor  will  be.  I  must  not  sit  down  without  alluding 
to  the  vacancy  you  have  noticed  on  my  right  hand.  Mr.  Webb, 
I  am  sorry  to  say,  is  seriously  ill  with  the  prevailing  epidemic, 
and  we  are  airaid  he  will  not  be  able  to  come  back  to  the 
Institution  for  some  weeks.  I  regret  this,  both  for  his  own 
sake  and  for  the  sake  of  my  successor,  for  I  can  assure  you 
Mr.  Webb's  heart  and  soul  are  in  the  management  and  the 
carrying  on  of  this  Institution,  and  I  do  not  think  it  is  easy 
for  a  President  to  feel  altogether  comfortable  unless  at  the 
commencement  of  his  office  he  has  Mr.  Webb  at  his  elbow  to 
prompt  him  and  suggest  what  is  to  be  done.  I  have  felt  the 
greatest  thankfulness  for  the  way  Mr.  Webb  has  smoothed  down 
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the  duties  of  this  office  daring  the  evening  meetings  and  at  the 
various  meetings  of  the  Council  and  committees.  I  am  happy  to 
say  the  Council  have  this  evening  passed  a  unanimous  vote  of 
sympathy  with  him,  hoping  that  he  may  rapidly  recover,  and 
that  he  will  not  be  too  anxious  to  get  back  to  his  duties,  for 
we  all  feel  he  ought  to  take  a  complete  rest  for  some  time. 
Gentlemen,  again  I  thank  you  for  the  way  in  which  you  have 
responded  to  this  vote. 

The  President  then  delivered  his  Inaugural  Address. 

ELECTEOTECHNICS. 
By  Professor  W.  E.  Ayrton,  r.R.S. 

I  beg  to  thank  you  for  the  great  honour  you  have  done 
me  in  electing  me  your  President  for  this  year — a  year  which  the 
need  for  a  new  complete  index  of  this  Society's  Journal  marks 
out  as  closing  the  second  decade  of  its  life ;  a  year  which  sees  the 
second  thousand  added  to  our  roll  of  members ;  and  a  year  which 
the  Electrical  Exhibition  at  the  Crystal  Palace  distinguishes  as 
inaugurating  the  second  decade  of  electric  lighting  in  Qreat 
Britain. 

It  has  gradually  become  the  custom  for  your  incoming 
President  to  select  as  the  subject  of  his  Address  some  investigation 
that  has  been  engaging  his  attention.  Following  this  custom,  I 
purpose  to-night  to  discuss  an  experiment  in  which  for  the  last 
19  years  I  have  taken  some  part — ^an  experiment  which  of  all  other* 
has  been  the  one  I  have  had  most  at  heart — and  that  is,  how 
best  to  train  the  young  electrical  engineer. 

To  some  it  may  appear  that  I  am  treading  on  well-worn  ground; 
but  as  the  problem  is  one  that  is  as  yet  by  no  means  solved,  and 
as  it  involves  the  preparation  of  the  machine  that  is  daily  used 
aUke  by  the  dynamo  constructor,  the  cable  manufecturer,  the 
central  station  engineer,  and  the  lamp  maker — ^viz.,  the  human 
machine — the  problem  of  fashioning  this  tool,  so  that  it  may 
possess  sharpness,  an  even  temper,  moral  strength,  and  a  mentat 
grain  capable  of  taking  a  high  polish,  is  one  that  in  truth  deeply 
concerns  every  Member,  every  Associate,  every  Student  of  this 
Society. 
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n  .  Itria^only  15i  years  ago  since  I  wiote  firom  Japan  to  my  old 
aad  valued  master  Dr.  Hirst,  then  the  Principal  of  the  Boyal 
Naval  College,  Greenwich,  asking  whether  he  thought  that  the 
time  had  come  for  starting  in  this  country  a  course  of  allied 
physics  somewhat  on  the  lines  of  that  given  at  the  Imperial 
CkdLege  of  Engineering  in  Japan.  He  replied  that  England  was 
not.  yet  ripe  for  such  an  innovation — an  opinicm  which  appeared  to 
be  borne  out  by  the  fact  that  after  the  authorities  at  University 
College,  London,  had  in  1878  actually  advertised  for  applications 
for  a  new  chair  of  "  Technology,"  they  decided  that  it  would  be 
premature  to  take  the  responsibility  of  creating  such  a  Professor- 
ship. 

But  matters  were  advancing  more  rapidly  than  was  imagined 
by  collegiate  bodies;  for  in  that  same  year  this  most  valuable 
report  on  technical  education  which  I  hold  in  my  hand  was 
issued  by  a  committee  of  the  Livery  Companies  of  London,  based 
on  the  opinions  expressed  by  Sir  W.  (now  Lord)  Armstrong, 
Mr.  G.  C.  T.  Bartley,  Colonel  (now  General)  Donelly,  Captain 
(now  Sir  Douglas)  Galton,  Professor  Huxley,  and  Mr.  (now  Sir 
H.  Truman)  Wood.  And  although  it  is  12  years  since  this 
book  was  published,  I  can  recommend  it  to  your  notice,  for 
it  supplies  most  interesting  reading  even  at  the  present  day. 

Under  the  guidance  of  the  three  joint  honorary  secretaries, 
Mr.  John  Watney,  Mr.  Sawyer,  and  Mr.  (now  Sir  Owen)  Roberts, 
the  City  and  Guilds  of  London  Institute  for  the  Advancement 
of  Technical  Education  started  with  a  name  that  was  very  long, 
but  in  a  way  that  was  very  modest,  to  develop  a  "Trades 
School"  in  accordance  with  this  report.  They  borrowed  some 
rooms,  but  for  use  in  the  evening  only,  from  the  Middle  Class 
Schools  in  Cowper  Street,  Finsbury,  and  decided  to  erect  ulti- 
mately a  chemical  laboratory  in  that  neighbourhood. 

But  neither  the  building  of  a  physical  nor  even  of  a  mechanical 
laboratory  formed  any  part  of  the  scheme  for  this  "  Local  Trades 
School."  For  at  that  time  the  teaching  of  the  practical  applica- 
tions of  physics  to  industry  hardly  existed,  and  certainly  not  its 
application  to  any  electrical  industry  other  than  telegraphy. 
To  make  a  start,  however,  in  such  teaching  was  most  desirable, 


Digitized  by 


Googk 


189S.]  ELECTROTSCHNICS*  7 

awl^therofore  Dr.  WomiQU,  the  enlightened  bead  master,  of  clJie^ 
Cowper  Street  Schools,  consented  ta  give  np  the  use  of  soma 
rooms  not  merely  daring  the  evening,  but  also  during  the  day.^ 
to. enable  Dr.  Armstrong  and  myself  to  carry,  oat  our  pl^n  ,o£ 
fitting  1^1  students'laboratories  with  A  small  amount  of  apparatus^ 
kept  permanently  ready  in  position. 

For.  the  devoticoi  of  these  rooms  to  the  carrying  out  of  this. 
new  experiment  we  must  always  feel  grateful  to  Dr.  Wormell, 
for  it  was  necessarily  accompanied  by  a  redaction  in  .the  size  of 
his  school,  and  consequently  by  a  pecuniary  loss  to  himself. 

The-  first  laboratory  course  of  the  City  and. Guilds  Institute 
was  then  advertised,  and  on  January  9th,  1880,  three  students 
presented  themselves — a  little  boy,  a  grey-haired  lame  man,  and 
a  middle-aged  workman  with  emphatic,  but  hazy,  notions  about 
the  electric  fluid. 

In  order  to  further  utilise  these  rooms  the  Institute  sanctioned 
laboratory  teaching  during  the  day,  and  one  of  the  cellars  of 
the  Gowper  Street  Schools  was  borrowed  in  order  to  fit  up  a 
gas  engine,  coned  shafting,  and  a  transmission  dynamometer,  ob- 
tained out  of  the  funds  of  the  Institute ;  an  A  Gramme  dynamo, 
lent  by  Mr.  Sennett,  then  one  of  the  students ;  and  two  arc  light 
dynamos  for  transmission  of  power  experiments,  lent  by  the 
Anglo-American  Brush  Corporation,  whose  cordial  interest  in  the 
work  of  the  City  and  Guilds  Institute  has  been  marked  through- 
out. And,  as  these  dynamos  were  used,  not  for  electric  lighting, 
but  as  laboratory  instruments  for  educational  purposes,  England 
can  daim  to  have  been  one  of  the  first  in  the  field  of  teaching 
electrotechnics. 

Bapidly  grew  these  electrotechnical  classes ;  soon  the 
temporary  laboratories  in  Cowper  Street  were  overcrowded,  espe- 
cially as  applied  mathematics  and  mechanics,  under  Professor 
Perry,  were  added  to  the  subjects  taught ;  the  £3,000  which  had 
been  set  aside  for  the  building  of  this  ^^  Local  Trades  School " 
grew  into  £35,000,  thanks  to  the  combined  donations  of  the 
Drapers'  Company  and  of  the  Institute,  and  in  1881  was  laid  the 
foundation  stone  of  the  present  Finsbury  College. 

During  the  many  years  that  Professor  Perry  and  I  were  linked 
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together,  the  work  of  either  was  the  work  of  both ;  but  now  I  wish 
to  take  this  opportunity  of  acknowledging  my  personal  debt  of 
gratitude  for  the  fund  of  suggestion  which  he  put  forth  regarding 
the  teaching  of  science  through  its  practical  applications — ^the 
key-note  of  true  technical  education.  The  value  of  these 
suggestions  you  will  fully  appreciate,  for  they  form  the  basis 
of  those  characteristic  and  attractive  lectures  familiar  to  so  many 
of  you  who  have  been  his  pupils. 

As  we  have  seen,  then,  the  present  Finsbury  College  grew  out 
of  the  "  Local  Trades  School,"  and  formed  no  part  of  the  original 
scheme  of  the  Institute.  And  it  was  because  London  was  really 
in  want  of  practical  laboratory  teaching  about  dynamos,  motors,, 
electric  lemips,  and  engines,  and  because  that  want  was  supplied 
in  a  form  suitable  to  the  comprehension  and  to  the  pockets  of 
workmen  in  the  basement  and  cellars  of  the  Cowper  Street 
Schools,  and  last,  but  by  no  means  least,  because  one  of  the 
executive  conmiittee  of  the  Institute,  Mr.  Bobins,  strenuously 
exerted  himself  to  further  technical  education  in  Finsbury,  that 
the  various  electrical,  physical,  and  mechanical  laboratories  now  in 
Leonard  Street,  Finsbury,  came  into  existence. 

But  the  establishment  of  a  Central  Technical  Institution  "  for 
"  training  technical  teachers,  and  providing  instruction  for 
"  advanced  students  in  applied  art  and  science,"  had  been 
recommended  in  all  the  reports  sent  in  to  the  committee  of  the 
Livery  Companies  by  the  six  authorities  to  whom  I  have,  referred. 
So  that  in  the  same  year  that  the  foundation  stone  of  the 
Finsbury  College  was  laid  by  the  late  Duke  of  Albany,  that  of  the 
Central  Technical  Institution  was  laid  by  the  Prince  of  Wales. 

And,  if  you  will  allow  me  to  say  so,  the  success  of  the  latter 
institution  has  been  no  less  marked  than  that  of  the  former,  for, 
in  spite  of  the  rather  stiff  entrance  examination,  the  number  of 
students  who  attend  all  four  of  the  departments  at  the.  Central 
Institution  is  more  than  threefold  what  it  was  five  years  ago.  In 
fiict,  in  the  mechanical  and  electrical  engineering  departments 
there  are  already  about  as  many  students  under  instruction  as 
class  room  and  laboratory  acconmiodation  will  admit.  Hence 
this  year  will  see  a   considerable  increase  in  the    amount  of 
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apparatus  and  machinery,  as  well  as  in  the  space  devoted  to 
dynamos  and  motors,  in  Exhibition  fioad. 

While,  on  the  one  hand,  the  rapid  growth  of  the  work  of 
the  Guilds  Institute  is  no  little  due  to  the  fact  that  the  latter 
end  of  this  century  has  ushered  in  the  electric  age  of  the  world ; 
the  electrical  industry  of  our  country,  on  the  other  hand,  is 
no  little  indebted  to  the  aid  so  generously  given  by  our  City 
Companies  to  the  teaching  of  electrotechnics.  For  the  students 
who  during  the  last  11  years  have,  for  an  almost  nominal  fee, 
worked  in  the  electrical  laboratories  at  Cowper  Street,  at  the 
Finsbury  College,  and  at  the  Central  Institution,  number  several 
thousands,  and  nearly  every  electrical  Works,  every  place  giving 
electrotechnical  instruction  throughout  this  country,  employs 
some  of  them. 

The  success  which  these  students  have  thus  achieved,  through 
their  own  ability  and  exertions,  is,  I  think,  in  no  small 
measure  due  to  the  Institute  having  so  wisely  left  the  teaching 
it  gave  untrammelled  by  any  outside  examining  body,  so  that 
it  was  possible  for  this  teaching  to  be  directed  solely  to  the 
professional  needs  of  the  students,  and  to  be  modified  from  time 
to  time  as  it  seemed  necessary. 

My  hearty  thanks  are  indeed  due  to  the  Japanese  Grovem- 
ment  and  the  CHty  and  Guilds  Institute,  my  masters  during 
the  last  19  years,  for  having  left  my  colleagues  and  myself 
unfettered  liberty  to  carry  on  this  experiment  of  finding  out 
better  and  better  ways  of  teaching  the  applications  of  science 
to  industry. 

And  there  need  be  no  fear  that  with  this  freedom  the  teaching 
will  become  stereotyped,  and  gradually  cease  to  deal  with  the 
living  science  of  the  factory,  for,  being  bound  by  no  code,  we  are 
able  to  vary  our  methods,  our  experiments,  and  our  apparatus 
according  to  the  continually  changing  conditions  of  the  profession. 
In  order  that  the  Guilds  Institute  should  fulfil  its  aim,  it  is 
absolutely  necessary  that  its  teaching  should  keep  pace  with 
industrial  progress.  Now,  even  if  it  were  possible  for  outside 
examiners,  with  fixed  scholastic  notions,  to  aid  in  securing  this 
result,  would  not  their  efforts  be  superfluous  ?  for  are  there  not 
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ff&u^  the  employers  of  labour,  to  ukimately  deeide  whether  the 
human  tool  we  fashion  is,  or  is  not,  adapted  to  your  requirements  ? 

Leaving  now  the  consideration  of  the  direct  work  of  the  City 
and  Guilds  Institute^  including  their  extended  system  of  techno* 
logical  examinations,  at  which  last  year  7,322  candidates  were 
examined  in  53  different  subjects  at  245  different  places  in  Grreat 
Britain  and  the  Colonies,  the  indirect  results  that  have  proceeded 
from  the  initiative  of  this  Institute  are  even  greater.  For  while 
12  years  ago  education  in  applied  science  in  this  country  was  a 
tender  little  infant,  requiring  much  watching  and  support, 
combined  with  constant  encouragement,  to-day  Technical  Educa- 
tion— ^with  a  capital  T  and  a  capital  E,  bear  in  mind — is  a  stalwart 
athlete,  the  strong  man  on  the  political  platform,  exercising  the 
minds  of  County  Councillors,  and  actually  regarded  as  of  more 
importance  than  the  vested  interests  of  the  publican. 

Until  quite  recently  it  was  the  technical  education  of  the 
young  engineer  that  had  to  be  considered,  but  now  the  problem 
has  become  a  far  wider  one,  for  the  education  of  the  British 
workman  is  being  vigorously  pushed  forward,  and  I  think  that 
it  has  become  incimibent  on  you — the  representatives  of  the 
electrical  profession — to  express  your  decided  opinion  as  to  what 
this  education  of  the  electrical  artisan  ought  to  be. 

The  technical  education  snowball  set  in  motion  12  years  ago 
by  the  City  Companies  has  been  rolling — nay,  bounding  forward- 
so  swiftly  during  the  last  year  or  two,  that  probably  some  of  you 
have  hardly  followed  it  in  its  rapid  growth  both  in  size  and  speed. 
£30,000  has  been  spent  on  the  Polytechnic  in  the  Borough  Road, 
the  Charity  Commissioners  have  already  endowed  this  school  with 
an  income  of  £2,500  a  year,  and  it  is  hoped  that  before  the 
building  is  opened,  this  income  will  have  been  doubled.  £50,000 
has  been  already  promised  for  the  Battersea  Polytechnic, 
the  Charity  Commissioners  having  also  undertaken  to  provide 
this  technical  school  with  an  income  of  £2,500  a  year  as  soon  as 
the  subscription  reaches  £60,000 ;  and  for  the  establishment  of  a 
polytechnic  in  the  City  £50,000  has  been  set  aside  out  of  the 
funds  of  the  Charity  Commissioners,  as  well  as  a  yearly  grant  of 
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^BSySSO.  -  Finally,  not  to  speak  of  polytechnics  in  Norfeh,  Souths 
East)  and  West  London,  Mr.  Quintin  Hogg  has  himself  spent 
^). 00,000  on  the.  Begent  Street  Polytechnic;  while  the  Drapersf 
iC^mpany  have  alone  given  £55,000  to  the  technical  department 
pf  the  People's  Palace  at  Stepney,  and  endowed  it  with  an  income 
pf  £7,000  a  year.  And,  most  recently  of  all,  the  Groldsmith^* 
jCompany  have  put  on  one  side  nearly  a  quarter  of  a  miUiou 
sterling  for  the  land,  the  buildings,  and  for  an  endowment  of 
£5,000  a  year  in  perpetuity,  for  their  Technical  and  Becreativ^ 
Institute  recently  opened  at  New  Cross. 

The  following  table  gives  an  idea  of  the  sort  of  sums  that  ar^ 
being  spent  on  polytechnic  education  in  London,  but  it  does  not 
.profess. to  give  the  entire  amounts  that  have  been  devoted  to 
capital  e^enditure  and  yearly  maintenance,  even  for  the  six 
polytechnics  named  in  the  table : — 
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Large  as  are  these  sums,  they  are,  however,  even  small 
compared  with  the  amount  raised  by  Mr.  Goschen's  beer  and  spirit 
tax,  which  it  has  been  decided  shall  be  used  for  the  public  benefit, 
and  not  for  the  benefit  of  the  publican.  The  counties  and  county 
boroughs  of  England  now  receive  nearly  three-quarters  of  a  million 
sterling  per  annum,  of  which  the  whole  may  be  devoted  to  technical 
education.  The  majority  of  the  counties  and  county  boroughs 
propose  to  utilise  this  magnificent  opportunity  and  devote  to 
technical  education  the  entire  sum  allocated  to  them,  while  the 
remainder  use  at  least  a  part  for  this  purpose.  Middlesex  and 
London,  however,  stand  alone,  and  employ  their  whole  yearly 
grant  of  £163,000  for  the  relief  of  the  rates,  on  the  plea  that 
they  consider  that  the  City  Companies  are  well  able  to  look  after 
the  technical  education  of  London.* 

Besides  this  spirit  duty,  106  towns  are  levying  rates  in  aid 
of  technical  education  under  the  Technical  Institution  Acts  of 
1889  and  1891,  the  number  of  these  towns  having  increased  by 
20  in  the  last  seven  months,  showing  how  rapidly  is  this  desire 
for  technical  education  spreading  throughout  Great  Britain. 

In  addition  to  the  sums  contributed  for  technical  education 
by  the  City  Companies,  collegiate  bodies,  and  private  persons 
who  have  the  practical  education  of  the  nation  at  heart,  the 
following  represent,  as  far  as  I  have  been  able  to  ascertain,  the 
amounts  that  it  has  been  already  decided  shall  be  ddvxMy  spent, 
yea/rhfj  on  technical  education  in  England  alone,  exclusive  of 
Scotland,  Ireland,  and  Wales  :— 

Received  from  the  Customs  and  Excise  Duties  . .    £500,000 

„         „      „   Rates 18,046 

Given  by  the  Charity  Commissioners  20,650 

£538,596 

The  yearly  amounts  that  will  be  actually  raised  under  the 
Technical  Instruction  Acts  will  be  far  larger  than  the  £18,046 
stated  above,  for  this  represents  only  the  sum  of  the  amounts 
raised  in  the  very  few  towns  which  have  already  made  returns. 

*  Since  this  Address  was  delirered  the  County  Cooncil  of  Middlesex  has 
decided  to  assist  technical  education. 
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Hence  the  total  aurni  to  be  -spent  in  England  alone  on  so-called 
technical  echicalion  amounts  to  certainly  over  £600,000  per 
a/nnum. 

As  the  teaching  of  electrical  technology  has  been  started,  in 
some  form  or  other,  in  nearly  every  important  town  in  Great 
Britain,  there  is  no  occasion  for  me  to  advocate,  as  I  did  in  this 
room  ten  years  ago,  that  a  student  of  electrical  engineering 
should  have  an  education  in  applied  science ;  but  what  I  desire  to 
most  strongly  urge  on  you  to-night  is,  that  it  is  your  bounden 
duty  to  see  that  some  portion  of  the  vast  sum  that  is  about  to  be 
spent  on  the  education  of  the  people  is  used  to  give  such  a 
training  to  your  workmen  as  shall  really  benefit  your  industry. 
For  otherwise  there  is  a  great  fear  that  most  of  the  money 
devoted  to  electrical  teaching  will  either  be  frittered  away  on 
the  natural  loadstone,  rubbed-amber  order  of  instruction  so  dear 
to  the  hearts  of  the  schoolmen,  or  on  semi-popular  lectures 
describing  in  a  bewildering,  sketchy  fashion  the  whole  vast  field 
of  electrical  engineering. 

The  workmen  you  employ  are  of  two  classes.  In  the  one  class 
is  the  man  who  is  all  day  long,  say,  stamping  out  iron  discs  for 
armature  cores,  and  the  boy  who,  say,  feeds  the  screw-making 
machine  with  its  proper  meals  of  brass  rod.  For  such  work  no 
technical  education  is  necessary :  the  workers  are  mere  adjuncts 
to  the  machines,  to  be  dispensed  with  as  the  machines  become 
more  and  more  perfect.  Hence,  unless  the  machine-minder  has 
the  ambition  and  the  ability  to  rise  to  some  less  mechanical 
occupation,  his  activity,  if  any  be  left  him  after  a  hard  day's 
work,  had  probably  better  be  spent  in  effort  of  a  lighter  and 
more  recreative  character  than  would  alone  be  necessary  to  make 
him  a  higher  class  of  artisan. 

For  him  the  polytechnic  variety  course  of  instruction  is  an 
inestimable  blessing,  for  he  can  do  a  little  type-writing,  learn 
violin-playing  and  modelling  in  clay,  attend  an  ambulance  class, 
recite  a  poem,  and  devote  the  remainder  of  his  leisure  to  the 
piano,  botany,  sanitary  science,  reading  books  and  learning  how 
to  keep  them.  , 


Digitized  by 


Googk 


1892.]  ELECTBOTECHNICS.     .  15 

HiB  general  interests  will  be  roused,  the  human  side  of  his 
nature  developed,  and  during  the  evening  at  any  rate  he  may 
forget  that  he  is  the  slave  of  the  Gramme  ring  or  the  slave  of 
the  electric  lamp. 

No  wonder,  then,  that  within  two  months  of  the  opening  of 
the  Croldsmiths'  Institute  at  New  Cross  4,000  members  were 
enrolled. 

But  your  workmen  of  the  other  class  must,  or  at  any  rate 
ought  to,  think.  Take,  for  example,  the  man  engaged  in  wiring 
houses,  whose  work  is  continually  changing,  and  offering  small 
problems  to  be  solved.  Here  common  sense— or  uncommon  sense, 
if  you  prefer  it — is  of  great  value,  and  the  work,  to  be  good,  must 
be  done  by  a  man  with  a  knowledge  of  princi{>les,  and  not  by  a 
mere  machine-minder. 

Many  joints, — ^bad  joints,~-wires  laid  in  cement  under  mosaic, 
which  cannot  be  replaced  except  at  vast  expense,  even  although 
the  insulation  has  rotted  away, — ^parqueterie  floors  nailed  to 
insulated  wire, — switch-boards  screwed  on  to  damp  walls,— lamp- 
holders  that  only  make  contact  when  the  lamps  are  twisted  askew, 
— high-class  insulated  m^ns  terminating  in  snake-like  coils  of 
flexible  wire  rubbing  against  metal  in  shop  windows,  under  shop 
fronts, — heavy  oriental  metal  lamps  hanging  from  lightly  insulated 
cord — all  this  would  be  avoided,  if  the  workmen  had  been  taught 
to  use  their  brains  as  well  as  their  hands. 

Now,  do  you  think  that  the  teaching  necessary  for  this  purpose 
is  likely  to  be  given  at  the  ordinary  English  polytechnic  school  ? 
In  the  case  of  the  Goldsmiths'  Institute  the  'electro-technical 
department  has  been  put  imder  the  charge  of  Messrs.  Dykes  and 
Thornton,  two  diploma  students  of  the  Central  Institution ;  and 
the  fact  that  these  men  are,  in  addition,  both  employed  in  Messrs. 
Siemens*s  works  at  Charlton  leads  one  to  hope  that  their  teaching, 
at  any  rate,  will  breathe  the  spirit  of  the  factory.  And,  therefore, 
if  ample  funds  be  forthcoming  for  keeping  the  apparatus  at  New 
Cross  always  up  to  date,  so  that  the  meters,  the  models,  the 
dynamos— not  merely  now  at  the  start,  but  three  years  hence, 
six  years  hence — are  truly  representative  of  the  industry,  there 
will  be  a  &ir  prospect  that  the  electrical  department  of  the 
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Goldsmiths'  Institute,  although  but  a  fraction  of  the  whole  under- 
taking, may  really  benefit  the  electrical  workmen  in  the  East  End 
of  London. 

But  my  colleagues  and  I  view  with  considerable  apprehension 
the  way,  in  which  the  present  wide  demand  for  teachers  in 
technical  schools  is  being  supplied.  Several  of  our  own  students, 
for  example,  tempted  by  the  comparatively  high  remuneration 
that  is  offered,  have  become  teachers  in  technical  schools  imme- 
diately on  leaving  the  Central  Institution.  In  many  respects 
they  are  undoubtedly  well  qualified ;  but  if  they  had  first  spent 
some  time  in  works  before  attempting  to  teach  technical  subjects, 
they  would  have  better  understood  the  wants  of  the  persons  whom 
they  have  undertaken  to  instruct. 

No  greater  mistake  can  be  made  than  to  think  that  a  student 
who  has  distinguished  himself  at  a  technical  college  can  dispense 
with  the  training  of  the  fEictory,  unless  it  be  the  opposite  mistake 
of  imagining  that  the  factory  training  is  equivalent  to,  or 
even  something  better  than,  that  given  at  a  modem  school 
of  engineering. 

It  is  the  province  of  the  manufeu^turer  to  turn  out  apparatus 
and  machinery  as  cheaply,  quickly,  and  as  well  made  as  is 
possible ;  it  is  the  province  of  the  technical  teacher  to  prepare 
the  human  tool  for  subsequent  grinding  and  polishing  in  the 
works. 

And  this  necessity  for  the  teacher  having  himself  passed 
through  the  shops  has  especial  weight  when  we  are  dealing  with 
the  technical  instruction  of  workmen,  for  in  such  a  case  there  are 
three  requirements  absolutely  necessary— first,  knowing  how  to 
teach ;  second,  possessing  a  fisdr  knowledge  of  scientific  principles ; 
and  thirdly — and  this  is  perhaps  the  most  important  of  all — 
knowing  exactly  what  it  is  that  the  particular  workman  ought 
to  learn  in  order  to  help  him  in  his  particular  trade. 

Schoolmasters  may  have  the  first  two  requisites,  and  so  may 
do  valuable  work  in  connection  with  the  variety  teaching  at  a 
polytechnic ;  but  they  are  not  in  touch  with  the  workshop,  and 
therefore,  no  matter  what  may  be  their  scholastic  attainments, 
no  matter  what  the  extent  of  their  experience  in  training  the 
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young,  they  are  not  the  persons  to  give  the  real  technical  educa- 
tion to  workmen. 

In  addition,  then,  to  the  polytechnics,  we  must  have  special 
schools  for  special  industries,  where  workmen  are  taught  the 
application  of  science  to  their  special  trades;  and  everything 
taught  in  such  a  school  must  be  taught  as  bearing  on  the 
particular  industry  which  the  school  is  intended  to  benefit.  A 
teacher  of  physics,  for  instance,  must  remember  that  he  is  not 
training  physicists,  but  workmen  whose  use  of  physical  principles 
will  be  bounded  by  their  application  to  their  special  trade.  For 
the  great  danger  of  such  teachers  is  that,  carried  away  with 
enthusiasm  for  their  own  subject,  they  will  not  subordinate  it 
properly  to  the  end  in  view — viz.,  helping  the  workman  to  know 
what  will  be  useful  to  him  in  his  work. 

Indeed,  as  Professor  Huxley  pointed  out  in  his  original  report 
to  the  Livery  Companies'  committee,  ^'success  in  any  form  of 
*'  practical  Hfe  is  not  an  afifair  of  mere  knowledge.  Even  in  the 
'<  learned  professions,  knowledge  per  ae  is  of  less  consequence  than 
"  people  are  apt  to  suppose.  ...  A  system  of  technical  educa- 
''tion  may  be  so  arranged  as  to  help  the  scholar  to  use  his 
"intelligence,  to  acquire  a  fair  store  of  elementary  knowledge 
"which  shall  be  thorough  as  far  as  it  goes,  and  to  learn  to 
"  employ  his  hands,  while  leaving  him  fresh,  vigorous,  and  con- 
"  tent ;  and  such  a  system  will  render  an  invaluable  service  to 
"  all  those  who  come  under  its  influence. 

"  But  i^  on  the  other  hand,  education  tends  to  the  encourage- 
"  ment  of  bookishness,  if  it  sets  the  goal  of  youthful  ambition, 
"  not  in  knowing,  but  in  being  able  to  pass  an  examiaation, 
"  especially  if  it  fosters  the  delusion  that  brain  work  is,  in  itself, 
"  a  nobler  or  more  respectable  kind  of  occupation  than  handiwork, 
"  and  leads  to  the  sacrifice  of  health  and  strength  in  the  pursuit 
"  of  mere  learning,  then  such  a  system  may  do  incalculable  harm. 
"  and  lead  to  the  rapid  ruin  of  the  industries  it  is  intended  to 
"  serve." 

And  I  venture  to  think  that  not  merely  at  technical  schools 
for  workmen,  but  at  technical  colleges  for  engineers,  it  should  be 
ever  remembered  that  the  main  object  of  the  training  is  not  the 
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cultivation  of  mental  gymnastics^  but  to  enable  the  student  to 
acquire  knowledge  and  habits  which  shall  be  professionally  useful 
to  him  in  after  life. 

"Useful  learning  usefully  taught,"  would  be  no  bad  motto 
for  technical  institutions,  seeing  that  those  who  favour  the  com- 
pulsory teaching  of  Greek  are  apparently  willing  to  accept 
the  converse  as  the  motto  for  the  University.  For  example, 
Mr.  Butcher,  in  his  address  delivered  at  the  end  of  last  session 
at  University  College,  Bangor,  said,  ^^We  may  claim  it  as  a 
"  distinction  that  in  the  seats  of  academic  learning,  little  or 
"  nothing  useful  is  taught;"  and  in  an  article  in  last  month's 
Fortnightly  BevieWy  congratulating  Cambridge .  on  its  recent 
victory  over  the  barbarian,  Mr.  Bury  says  quite  candidly, 
"Greek  is  useless;  but  its  uselessness  is  the  very  strongest 
"reason  for  its  being  a  compulsory  subject  in  the  University 
"  course.**  And  he  adds,  in  italics,  **  For  the  true  function  of  a 
"  University  is  the  teaching  of  useless  learning^ 

A  few  of  the  County  Councils  have  realised  that  the  real 
teaching  of  the  application  of  science  to  a  special  industry,  which 
is  what  the  British  workman  is  so  much  in  need  of,  cannot  be 
given,  as  well  as  a  host  of  other  subjects,  out  of  limited  funds.  For 
example,  Bedfordshire  has  decided  to  spend  its  grant  of  £4,343 
mainly  on  agriculture,  market  gardening,  the  straw  trade,  domestic 
economy,  and  industries  for  women;  Cambridgeshire  and  Cheshire 
devote  themselves  largely  to  the  teaching  of  agricultural  pursuits. 

But  other  places  aim  at  issuing  vast  comprehensive  pro- 
grammes and  turning  out  yearly  a  mighty  array  of  students, 
knowing,  it  may  be,  the  something  of  everything,  but  who 
certainly  will  not  know  the  everything  of  something.  For  example, 
the  Holland  division  of  Lincolnshire  has  decided,  out  of  only 
£2,000  a  year,  to  make  grants  for  dairy  schools,  University  ex- 
tension and  art  schools,  agricultural  science,  domestic  economy, 
mechanics,  commercial  subjects,  and  ambulance  teaching ;  while 
Bootle,  with  a  yearly  expenditure  of  only  the  same  amount,  main- 
tains classes  in  five  commercial  subjects,  in  16  science  and  art 
subjects,  in  cookery,  wood-working  tools,  as  well  as  four  courses  of 
University  extension  lectures. 
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Because  a  certain  building  in  Begent  Street  &med  for  its 
ghost  and  its  diving  bell  was  years  ago  named  ^^  The  Polytechnic," 
the  majority  of  the  ivew  technical  institutions  which  are  being 
established  in  London  at  such  vast  cost  are  also  called  ^^Poly- 
technics," and  will,  I  fear,  give  only  an  English  polytechnic 
course.  Now  such  recreative  education,  although  admirable  for 
those  who  seek  relief  from  work  in  the  use  of  their  minds,  is  not 
generally  suflScient  for  those  of  your  workmen  who  use  their  minds 
in  their  daily  occupation. 

It  ought,  then,  to  be  thoroughly  recognised  that  there  is  an 
entirely  new  problem  to  be  solved,  and  that  the  solution  of  this 
problem,  in  so  far  as  it  has  been  worked  out  at  the  Finsbury 
College  and  at  other  places  giving  practical  teaching  in  the 
evening,  must,  in  the  language  of  the  mathematician,  be  regarded 
simply  as  ^^the  singular  solution,"  and  not  the  general  solution,  of 
the  problem  of  technically  educating  the  British  workman. 

Let  us  gratefully  accept  the  English  polytechnics,  for  they 
will  undoubtedly  confer  benefit  on  our  country,  and  all  credit  be  to 
those  who  have  so  generously  established  them.  But  do  not  let  us 
be  misled  by  the  similarity  between  their  generic  name  and  that 
of  the  German  "  polytechnicum  "  into  fancying  that  the  recreative 
courses  of  the  one  are  equivalent  to  the  serious  education  given 
by  the  other. 

Like  Oliver  Twist,  let  us  ask  for  more ;  for,  on  behalf  of  the 
large  number  of  minds  already  employed  in  the  electrical  industry, 
and  on  behalf  of  the  still  larger  number  that  will  in  the  future 
be  so  employed,  it  is  our  duty  to  secure  that  ample  provision  be 
made  in  this  country  for  the  practical  teaching  of  electrotechnics 
on  a  scale  comparable  with  that  afforded  in  the  technical  high 
schools  of  Grermany  and  the  institutes  of  t-echnology  of  the  United 
States. 

On  the  screen  you  see  projected  a  photograph  of  the  fitpade  of 
the  Technical  High  School  at  Charlottenburg  (Berlin),  which 
appears  extensive  and  grand ;  and  yet,  as  you  will  see  from  the 
next  photograph,  which  gives  the  ground  plan,  it  was  only  a  small 
portion  of  the  whole  building  that  you  were  looking  at  on  the  first 
photograph.    In  fact  the  first  photograph  only  shows  the  portion 
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of  the  building  that  is  contained  between  the  lines  i^i^,  FF  in  the 
second. 

This  is  but  one  of  the  many  technical  high  schools  in  diflferent 
towns  of  Grermany,  and  yet  it  covers  an  area  more  than  five  tiraea 
as  large  as  that  occupied  by  the  Central  Technical  Institution  in 
Exhibition  Boady  London,  cost  four  times  as  much  to  erect, 
and  has  m^ore  tha/n  fov/r  times  as  much  spent  on  its  yea/rly 
maintenaTice, 

The  next  photograph  shows  a  building  devoted  wholly  to  the 
training  of  electrical  engmeers,  being  that  of  the  Electrotechnical 
Institution  Montefiore,  at  Liege,  which  Professor  Gerard  kindly 
took  me  over  this  last  summer,  and  which  has  since  been  opened. 
When  I  tell  you  that  there  are  rooms  for  small  direct-current 
dynamos,  separate  rooms  for  large  direct-current  dynamos, 
separate  rooms  for  alternators,  and  that  every  three  students  have 
a  separate  little  laboratory,  with  the  necessary  measuring  instru- 
ments, all  to  themselves,  your  educational  mouths  will  water,  as 
mine  did. 

We  now  cross  the  Atlantic  to  the  Massachusetts  Institute  of 
Technology,  Boston,  which,  as  you  see,  consists  of  several  distinct 
buildings,  the  centre  one  being  that  which  contains  the  electrical 
laboratories.  The  dynamo  room  now  seen  on  the  screen  has 
many  small  and  large  dynamos  in  it,  and  yet  there  is  ample  room 
to  walk  about,  for  this  dynamo  room  occupies  a  space  many  times 
as  large  as  that  devoted  to  dynamos  at  the  Central  Technical 
Institution  of  London. 

Professor  Cross  was  so  good  as  to  mention  in  a  letter  that 
was  shown  me  some  two  years  ago,  that  several  of  the  devices 
that  had  been  worked  out  for  the  electrical  laboratories  of  the 
City  and  Guilds  Institute  had  been  reproduced  at  Massachusetts; 
but  there  is  one  device  that  Professor  Cross  has  succeeded  in 
working  out,  and  which  I  should  be  most  glad  to  see  copied  by 
the  City  and  Guilds  Institute,  and  that  is,  having  one  assistant 
for  every  five  students  working  in  the  physical  laboratories. 

Franklin  Hall,  presided  over  by  Professor  Nichols,  is  devoted 
solely  to  the  department  of  pure  and  appUed  physics  at  the 
Cornell  University,  Ithaca.    You  see  how  large  this  four-storied 
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building  must  be,  for  look  how  small  the  four-wheeled  waggon 
standing  in  front  of  it  appears. 

The  next  three  photographs  show  some  of  the  provisions  made 

for    teaching   electrotechnics   in   Franklin   Hall;     the  electrical 

laboratory,  under  Assistant-Professor  Moler;  the  dynamo  room, 

under  Professor  Byan,  whose  analyses  of  alternate-current  curves 

are  well  known  to  you  all ;  and  the  principal  tangent  galvanometer. 

The  most  extensive  physical  laboratories  in  the  world  are 

probably  those  under  Professor  Weber  at  Zurich.     When  asked  by 

the  Swiss  Federal  Government  how  much  he  would  require  for 

the  building  seen  in  the  next  illustration,  and  for  its  equipment, 

Professor  Weber  considered,  as  he  has  told  me,  not  what  was  the 


PHT8ICAL  DEPABTMENT,  THB  POLTTECHSIC,   ZURICH. 

smallest  sum  that  would  suffice  for  a  makeshift  laboratory,  but 
what  ought  to  be  spent  on  the  equipment  of  an  ideal  set  of 
physical  laboratories.  He,  therefore,  asked  the  Government  for 
two  million  francs,  and  they,  feeling  that,  if  it  were  worth  while  to 
employ  a  man  like  Weber,  it  was  certainly  worth  while  providing 
him  with  the  physical  tools  he  needed  to  do  his  work  in  the  most 
efficient  way,  granted  this  sum.  And  the  result  is  that  up  to  the 
present  time  about  £100,000  has  been  already  spent  on  these 
new  physical  laboratories,  and  on  the  apparatus  contained  in  them. 
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The  building  seen  above  contains  52  separate  laboratories,  of 
which  three  are  kept  artificially  at  such  a  constant  temperatnre 
that  the  variation  does  not  exceed  0*3^  C.  throughout  the  year. 
These  three  rooms  are  employed  respectively  for  very  accurate 
experiments  on  diffusion,  on  magnetism,  and  on  electrical 
phenomena.  Among  the  remaining  49  laboratories  there  are,  so 
Professor  Weber  tells  me — 

5  laboratories  for  experiments  on  heat, 

5  »9  »  99  9f  light, 

2  „  „  „  „  radiation; 

3  laboratories  for  exact  electrical  measurement,  viz. : — 

1  laboratory  for  exact  measurement  of  electric  resistance, 
1  „         „       „  „  „         „     current, 

1  „        „      „  „  „        „      X  .l^.  ana 

capacity ; 
5  laboratories  for  electric  researches,  viz. : — 
1  laboratory  for  researches  in  electrostatics, 

1  „  „         „  „  varying  currents, 

2  laboratories  „         „  „  induction, 

1  laboratory    „        „  „  E.M.F.and  analogous  subjects; 

15  laboratories  for  electrotechnics,  viz. : — 

3  laboratories  for  experiments  on  the  electric  light, 

1  laboratory,  with  a  floor  space  of  2,153  square  feet,  con- 

taining 12  dynamos, 

2  laboratories  for  accumulator  measurements, 

2  „  „  alternate-current  measurements, 

2  „  „  experiments  on  submarine  cables, 

1  laboratory      „  calibrating  ammeters, 
1  „  „  „  voltmeters, 

1  „  „  „  wattmeters, 

1  „  „  testing  the    magnetic  qualities   of 

iron; 
&c.,  &c. ; 

the  preceding  only  giving  an  account  of  the  uses  of  38  out  of  the 
59  rooms  contained  in  the  building  seen  above. 
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The  following  show  various  views  of  the  dynamo  room : — 


DTNAJfO  BOOM,  THK  POLTTECHMIC,   ZUBICH. 


DTNAMO  BOOM,  THB  POLYTBOHiriO,  ZUBICH 
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DTNAMO  BOOM,  THE  POLTTECHNIC,   ZUSICH. 

I  might  show  you  photographs  of  many  other  institutions 
used  for  the  training  of  electrical  engineering  students.  In 
fact,  my  choice  of  magnificent  C!ontinental  and  American 
laboratories  has  been  so  great  that  I  have  hardly  known 
which  to  select  as  specimens. 

But  there  is  one  thing  I  cannot  show  you — ^and  it  must 
remain  for  the  exercise  of  your  influence  as  representatives  of 
the  electrical  profession  to  make  that  possible — ^the  British 
electrotechnical  laboratories  for  education  and  research  which 
are  truly  worthy  of  London,  the  capital  of  the  world. 

The  training  of  such  students  as  those  at  the  Central  Institu- 
tution  must,  of  course,  differ  essentially  from  that  of  the  electrical 
artisan,  not  because  we,  or  the  students,  expect  that  on  entering  a 
factory  at  the  conclusion  of  their  college  course  they  will  start, 
as  a  rule,  much  above  the  bottom  of  the  ladder,  but  because 
they  hope  in  time  to  be  able  to  mount  higher. 

They  are,  therefore,  taught,  not  merely  to  construct  meters 
and  motors,  use  dynamos  and  engines,  build  a  chimney  and  lay 
a  street  main,  but,  as  they  are  not  to  spend  all  their  lives  wiring 
houses  or  watching  a  central   station  voltmeter,  they  are  well 
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practised  in  calculating  and  designing,  and  they  further  obtain 
sufficient  acquaintance  with  the  methods  of  attacking  new  prob- 
lems not  to  be  daunted  when  they  meet  with  them  in  after 
life. 

But  so  strong  is  becoming  our  belief  in  the  value  of  science' 
to  the  manufacturer,  so  anti-classical  are  some  of  us  growing, 
that  there  is  great  risk  that  the  literary  side  of  the  education 
of  an  electrical  engineer  will  soon  be  wholly  neglected.  Now, 
important  as  it  no  doubt  is  for  him  to  be  quite  at  home  with 
electrical  apparatus  and  machinery,  it  is  no  less  important,  if 
he  is  to  take  advantage  quickly  of  the  progress  made  abroad, 
that  he  should  be  able  to  read  a  Grerman  or  a  French  newspaperr 
I  do  not  merely  mean  that  with  a  grammar  and  dictionary, 
and  plenty  of  leisure,  he  should  be  able  to  translate  the 
newspaper,  sentence  by  sentence,  like  a  schoolboy  preparing 
to-morrow's  lesson,  but  that  he  should  have  the  power  to  glance 
down  the  columns,  gather  the  gist  of  the  articles,  and  quickly 
see  whether  there  be  anything  new  that  especially  concerns  him. 

How  many  electricians  are  there  in  this  country  who  can,  for 
example,  take  up  the  ZeUschrift  fur  Ineirumeniemkwnjd^  or  the 
EUctrotechnische  Zeitschrift  and  look  through  their  pages  as  they 
do  those  of  the  Electrician^  the  Electrical  Review,  or  of  the 
Electrical  Engineer  during  breakfast  on  Friday  morning  ?  There- 
are,  I  know,  a  few — I  wish  I  were  one  of  them. 

And  yet  examples  are  not  wanting  of  the  scientific  isolatioiy 
that  is  caused  by  not  possessing  that  fieaniliarity  with  foreign 
languages  which  is  such  a  characteristic  of  diplomatists  and  hotel 
waiters.  Take,  for  instance,  the  hjct  that,  whereas  manganin  was 
manufactured  on  a  commercial  scale  in  Germany,  and  Grerman^ 
resistance  coils  have  for  the  last  three  years  been  constructed  of 
this  material  with  a  temperature  coefficient  of  nearly  zero,  the 
very  existence  of  this  alloy  was  unknown  to  many  English 
electrical  instrument  makers  a  few  weeks  ago ;  and  even  now  many 
of  them  are  still  unacquainted  with  the  composition  of  manganin, 
and  its  peculiar  properties,  as  well  as  with  the  results  of  the  exten- 
sive  and  striking  experiments  that  have  been  carried  out  at  the 
Reichsanstalt  at  Charlottenburg  on  the  temperature  coefficient 
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and    specific    resistance  of  all  sorts    of    manganin-copper-zinc* 
nickel-iron  alloys. 

This  Physikalisch-Technisclie  Eeichsanstalt,  I  may  mention, 
is  an  establishment  totally  distinct  from  the  Technical  Sigh 
School  in  Charlottenburg,  some  photographs  of  which  I  showed 
you  this  evening.  The  Eeichsanstalt  is  not  an  institution  with 
students,  but  a  vast  series  of  Imperial  laboratories,  presided  over 
by  Professor  von  Helmholtz,  solely  used  for  carrying  out  researches 
in  pure  and  technical  physics.  The  investigations  are  conducted 
under  the  direction  of  Dr.  Loewenherz,  aided  by  46  assistants,      -i 

We  have  no  establishment  in  Great  Britain  at  all  comparable 
with  this  Reichsanstalt.  The  original  work  turned  out  there  in 
electrotechnics  alone  is  considerable.  Here  are  some  of  the 
published  accounts  of  researches  immediately  bearing  on  your 
profession  which  Dr.  S.  Lindeck  has  been  so  kind  as  to  send  me ; 
^^ Hardening  Steel  Magnets,"  '^Standard  Besistance  Coils  for 
** Large  Currents,"  "Tests  of  Commercial  Ammeters  and  Volt- 
** meters,"  "Mercury  Standard  of  Resistance,'*  "Photometric 
"Investigations,"  "Compensation  Apparatus  for  Use  in  P.D. 
**  Measurements,"  "Alloys  for  Resistance  Coils,"  and  so  on. 

Surely  it  is  part  of  the  technical  education  of  the  electrical 
engineer  to  be  taught  how  to  read  such  pamphlets  as  these  with 
comparative  ease. 

A  working  knowledge  of  French  and  German  can  be  obtained 
without  the  necessity  of  learning  to  express  oneself  fluently 
in  epigrammatic  French,  or  to  imitate  with  facility  the  word- 
building  of  a  native  German;  and  with  such  a  working  knowledge 
the  average  technical  student  may  rest  content.  But  as  regards 
his  own  language  he  should  aim  at  something  higher,  and 
therefore  the  electrical  engineering  students  of  our  country 
should  be,  I  would  urge,  practised  in  writing— yes,  and  also 
in  speaking — vigorous  English. 

Only  the  other  day.  Professor  Nichols,  of  the  Cornell  Uni- 
versity, was  deploring  with  me  the  rarity  of  finding  a  student 
of  electrotechnics  who  could  write  a  decent  report.  The  experi- 
mental methods  employed  in  the  student's  investigation  might 
have  been  good,  the  mathematical  analysis  suitable,  and  the 
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calcalations  exact ;  but  the  description  of  the  apparatus  and  of 
the  results  obtained  would  be  scattered  pell-mell  over  the  paper, 
as  if  the  writer  were  quite  ignorant  of  the  fiwt  that  the  style 
in  which  a  dish  is  served  up  is  nearly  as  important  as  the  good- 
ness of  its  ingredients. 

Why  do  you  suppose  that  Huxley's  portrait  has  nearly  as 
much  prominence  given  it  in  the  photographer's  window  as  that 
of  a  duke  or  a  ballet  dancer  ?  Quite  as  much  because  he  knows 
how  to  express  himself  in  terse  and  forcible  English  as  on  account 
of  his  wide  scientific  knowledge;  because  even  when  writing 
about  dry  bones  the  flow  of  his  language  clothes  them  with 
rounded  forms. 

But,  you  will  ask,  how  are  we  to  find  the  time  for  all  this 
linguistic  and  literary  polish?  has  the  electrical  student  of 
to-day  so  many  spare  hours  that  fresh  subjects  of  study  must 
be  sought  for  to  fill  up  his  leisure  moments  ? 

At  present  much  time  has  to  be  wasted  at  technical  and  other 
colleges  teaching  studients  16  years  or  older  elementary  mathe* 
matics  and  science,  which  ought  to  have  been  mastered  before 
that  age.  When  the  education  of  childhood  is  improved,  when 
the  higher  education  of.  women  is  properly  carried  out,  there 
will  be  no  need  for  male  experts  to  trouble  about  general  train- 
ing, for  then  children  will  spend  less  time  at  school  and  learn 
more:  boys  and  girls  will  as  a  matter  of  course  acquire  the 
foundation  of  modem  languages  and  general  education;  and 
students  at  a  college  will  be  able  to  devote  their  whole  time  to 
the  special  training — scientific,  manual,  linguistic,  and  literary— 
which  pertains  to  the  particular  profession  which  their  special 
tastes  will  generally  have  led  them  to  select  before  the  age 
of  16. 

And  just  as  methods  of  teaching  applied  science  have  been 
developed  during  the  past  few  years,  so  I  look  forward  to  the 
growth  of  new  methods  of  teaching  what  may  be  called  applied 
literature.  For  it  seems  to  me  that  there  is  a  want  of  breadth 
in  the  view  that  because  the  study  of  Greek  verse  would  be 
unprofitable  for  a  student  of  electrotechnics,  and  because  he  has 
neither  the  taste  nor  the  time  to  enter  into  the  intricacies  of 
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etymology  and  grammar,  therefore  the  study  of  modem  languages 
and  literature,  even  as  directly  applicahle  to  his  profession,  should 
form  no  part  of  his  regular  training. 

As  well  might  it  be  thought  (and  I  am  sorry  to  say  this  view 
is  not  yet  quite  exploded)  that  because  a  student  has  neither  the 
taste  nor  the  time  for  the  study  of  abstract  mathematics,  there- 
fore he  should  be  debarred  from  all  work  in  a  physical  laboratory. 
Well,  if  it  be  generally  accepted  that  although  a  young  electrical 
engineer  has  no  chance  of  becoming  a  Cayley  or  a  Maxwell,  still 
he  ought  to  be  taught  such  portions  of  mathematics  and  physics 
as  will  be  directly  useful  to  him  in  his  profession,  why  should 
the  certainty  that  he  will  neither  become  a  Jebb  nor  a  Dickens 
lead  us  to  tolerate  an  inability  on  his  part  to  speak  fluently  and 
write  tersely  his  own  language,  surpassed  only  by  his  entire 
ignorance  of  every  other  ? 

Habits  of  scientific  thought  are  highly  necessary  for  electrical 
students;  to  be  masters  of  their  own  language,  and  to  know 
something  of  one  or  two  others,  are,  I  venture  to  think,  no  less  so; 
but  the  main  result  to  be  achieved,  the  main  object  to  be  aimed 
at,  with  every  system  of  education,  is  moral  thoroughness. 

For  until  every  workman,  foreman,  engineer,  and  manufacturer 
feels  regret  and  pain  at  seeing  work  ineflSciently  performed,  our 
national  system  of  education  will  be  incomplete. 

All  the  labour  now  expended  in  watching  work  in  progress, 
and  in  testing  it  when  completed  to  see  that  it  has  not  been 
scamped,  is  so  much  withdrawn  from  the  real  business  of  produc- 
tion. Every  rise,  therefore,  in  the  standard  of  thoroughness  of 
a  community  means  the  saving  of  waste  labour.  But  £eir  greater 
than  this  will  be  the  actual  increase  in  the  productive  power 
when  each  gives  his  best  endeavours  to  his  share  of  the  world's 
work.  And  greatest  of  all  will  be  the  gain  in  the  nation's  happi- 
ness, since  he  who  works  with  his  whole  soul  knows  no  drudgery. 

The  lesson  to  be  taught  is  no  new  one — it  was  set  many 
centuries  ago;  and  hundreds  of  thousands  a  year  will  be  well  spent 
if  the  County  Councils  can  succeed  in  bringing  home  to  the 
hearts  of  us  all  this — "  Whatsoever  thy  hand  findeth  to  do,  do  it 
«  with  thy  might." 

Digitized  by  LjOOQIC 


1892.]  VOTE  OF  THANKS  TO  THE  PRESIDENT.  «T 

Dr..  SiLVANus  Thompson:  I  have  been  most  unexpectedly 
requested  to  be  your  mouthpiece  in  moving  a  vote  of  thanks  to 
Professor  Ayrton  for  the  Address  with  which  he  has  favoured  us. 
I  would  rather  that  the  task,  pleasant  as  it  is,  had  £Bkllen  to  some 
other  lips  than  mine,  because  I  am  a  sort  of  colleague  of 
Professor  Ayrton — ^his  successor,  indeed,  in  one  of  his  most  success* 
fal  experiments ;  and,  treading  in  his  footsteps  to  the  best  of  my 
ability,  it  hardly  becomes  me  to  praise  him  for  what  he  has  done. 
Professor  Ayrton  has  set  before  us  in  his  own  inimitable  way  that 
which  he  has  been  attempting  to  do  in  aid  of  the  industry  that 
more  than  any  other  depends  upon  the  progress  of  science— the 
industry  with  which  we  are  all  concerned — an  industry  which  is 
growing  faster  than  any  other — an  industry  the  growth  of  which 
can  only  be  measured  by  the  growth  of  the  science  that  underlies 
it*  Now,  if  he  has  taken  us  abroad — ^to  the  Continent,  to  the 
shores  of  America — if  he  has  shown  us  what  our  rivals  in  commerce 
are  doing  on  their  part  to  try  and  wrest  from  us  the  supremacy 
in  the  electrical  world,  it  is  our  own  fault  if  we  do  not  thank  him 
most  heartily  for  the  lesson.  He  has  the  happy  art,  which  is  not 
the  possession  alone  of  a  Huxley,  to  clothe  the  dry  bones  of 
science  with  the  rounded  forms  of  language.  Amongst  the  many 
good  things  which  fell  from  his  lips,  there  is  one  for  which  I, 
thanking  him  personally,  and  in  thanking  him  on  your  behalf 
will  venture  to  reiterate,  for  it  most  thoroughly  expresses  the 
feeling  we  have— we  who  are  endeavouring  to  shape  the  tool  for 
your  use.  It  is  this :  that,  whatever  the  means  at  our  disposal,  or 
whatever  the  means  that  are  lacking,  for  shaping  the  human  tool 
for  use  in  your  industry,  it  is  you  who  are  our  masters,  it  is  you 
to  whom  we  have  to  look  to  know  whether  we  teach  the  future 
engineers  what  they  ought  to  be  taught,  and  whether  they  are 
taught  in  the  right  way.  No  matter  what  the  curriculum,  how- 
ever carefully  it  may  be  brought  up  to  date,  if  we  fiul,  it  is 
because  we  have  not  come  up  to  what  you  want.  Tell  us  what 
you  want,  and  we  will  do  our  best  to  fulfil  your  needs.  Professor 
Ayrton  has  set  this  forth  so  well,  I  must  not  dwell  upon  it.  In 
tendering  him  our  hearty  thanks,  I  ask  him,  in  your  name,  to 
allow  his  Address  to  be  printed  in  the  usual  form,  and  published 
amongst  the  Proceedings  of  this  Institution,      ^.g.^.^^^  ^^  Google 
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Mr.  Alexandeb  Siemens  :  Having  to  speak  after  two  eminent 
Professors,  I  hope  you  will  allow  me  to  be  as  brief  as  possible. 
The  words  which  Dr.  Thompson  has  said — that  it  is  the  employer's 
tool  which  is  to  be  shaped  in  these  institutions, — that  they  ought 
to  say  what  they  want — should  also  be  borne  in  mind  by  all  our 
members.  I  do  not  think  it  would  be  at  this  time  right  to  enter 
upon  the  subject  very  fully,  but  I  want  to  put  quite  shortly,  in  a 
few  words,  radically  diflferent  ideas  from  what  Professor  Ayrton 
has  put  before  us ;  and  that  is :  he  has  been  alluding  in  a  dis* 
paraging  way  to  the  study  of  ancient  languages,  but  if  you 
reflect  a  little  you  will  find  that  they  are,  to  put  it  very  strongly, 
essential  for  an  electrical  student.  What  do  we  employers  want  ? 
We  want  a  young  man  who  has  got  a  knowledge  of  his  subject, 
who  knows  thoroughly  the  theoretical  principles  which  are 
underlying  our  profession ;  we  want  a  young  man  who  is  able 
to  follow  the  literature  of  foreign  countries,  as  Professor  Ayrton 
BO  correctly  said ;  we  want  a  young  man  who  can  put  properly 
before  us  what  he  has  seen  and  heard  and  read.  But  we  want 
also  a  young  man  who  can  distinguish  chaff  from  com ;  and  I 
believe  that  this  result  can  best  be  achieved  by  training  the 
mind  for  strictly  logical  consideration  of  all  subjects.  To  do  this 
for  a  young  boy — with  whom  you  ought,  of  course,  to  begin — ^a 
thorough  knowledge  of  Latin  and  Grreek  is  very  useful,  because 
he  is  made  to  consider  very  well  what  he  has  to  say.  He  is 
taught  not  to  rush  rapidly  into  a  form  of  a  word,  but  to  consider 
well  what  he  is  putting  down.  That  is  a  very  useful  habit  to 
acquire.  The  same  study  will  enable  him  to  deal  with  quite  a 
number  of  things,  in  the  way  Professor  Ayrton  indicated  that  he 
can  take  up  newspapers  and  look  at  them  without  a  dictionary, 
see  what  they  amount  to,  and,  if  necessary,  study  an  article  if 
he  finds  it  worth  looking  at.  He  must,  however,  be  thoroughly 
grounded  in  the  principles  of  physics  and  mathematics,  so  that 
he  can  follow  the  reasoning  of  technical  and  scientific  papers  that 
he  sees,  and  that  he  can  judge  for  himself  whether  any  novelty 
which  he  himself  would  like  to  introduce  is  really  worth  pursuing 
or  not.  If  the  general  principles  were  thoroughly  taught,  and 
very  little  attention  were  given  to  details,  and  the  time  which. 
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as  Professor  Ayrton  said,  was  so  precious  to  students  were  more 
devoted  to  general  principles,  and  not  too  much  to  the  making 
of  galvanometers  and  such  things,  then  the  employers  would  be 
much  better  pleased.  I  hope  you  will  now  allow  me  to  second 
the  motion  of  Professor  Thompson  that  Professor  Ayrton  be 
requested  to  have  his  Address  printed  and  published  in  the 
Transactions  of  the  Institution. 

Sir  David  Salomons  :  I  have  the  permission  of  the  President 
to  say  a  few  words.  No  man  is  more  interested  in  Technical 
Education,  or  has  been,  in  many  ways,  more  connected  with  the 
movement  in  recent  years,  than  myself.  I  can  therefore  fully 
appreciate  the  able  Address  of  our  President.  He  has,  however, 
not  mentioned  the  name  of  a  gentleman  who  has  done  so  much 
for  the  cause  of  Technical  Education,  and  for  this  omission  I 
attach  no  blame  to  Professor  Ayrton,  for  this  gentleman  is  so 
modest  and  retiring  in  nature,  that  few  know  how  much  valuable 
work  he  has  done.  He  is  one  of  us,  and  his  name  is  known  to 
most  of  us — ^Henry  Gunynghame.  He  was  appointed  assistant 
secretary  of  the  Charity  Commission  in  order  to  assist  the  matter 
of  Technical  Education.  Being  an  intimate  friend  of  mine,  I  am 
able  to  speak  from  personal  knowledge  of  his  good  work,  never 
resting  day  or  night  in  the  cause.  Nearly,  if  not  all,  the  funds 
now  placed  at  the  disposal  of  Technical  Education  in  London,  as 
shown  you  by  the  President,  have  been  obtained  through  the 
efforts  of  Mr.  Cunynghame,  by  looking  up  all  misapplied  funds. 
This  is  a  great  feat  to  accomplish,  and  we  should  feel  proud  to 
possess  such  a  man  as  one  of  ourselves.  These  remarks  must  of 
themselves  be  their  own  apology  for  having  iiltruded  upon  your 
time. 

Mr.  Crookes  :  It  has  been  proposed  and  seconded  that  a  hearty 
vote  of  thanks  be  given  to  your  President  for  the  Address  he  has 
favoured  us  with  to-night,  coupled  with  the  request  that  he  will 
allow  it  to  be  published  in  the  JowmaL 

The  motion  was  carried  by  acclamation. 

The  President:  I  have  to  make  a  special  announcement^ 
which  some  of  you  will  anticipate,  namely,  that  we  are  to  have 
the  pleasure  of  receiving  a  most  interesting  lecture  from  Mr.. 
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Tesla  next  Wednesday  evenings  Febmary  3rd ;  and  partly  because 
we  anticipate  a  very  large  attendance,  and  partly  because  Mr. 
Tesla  will  require  special  facilities  for  his  experiments,  his 
lectnre  will,  by  the  kindness  of  the  Managers,  be  delivered  at  the 
^yal  Institution. 

The  following  candidates  were  declared  by  the  scrutineers  to 
be  duly  elected : — 

Foreign  Member: 
Edwin  Wilbur  Rice,  jun. 

Members: 
Francisco  K.  Cassels.  |      Frederick  Sargent. 

Asaodaiea: 


Darwin  Bates. 
William  Bates. 
Stewart  Nicholas  de  Saumarez 

Brock. 
William  Brown. 


Fourd  Ely. 

Arthur  Yates  Grahagan. 

Herbert  Fumell  Laughton. 

Henry  NicolL 

Harold  King  Smith. 


Stvdent: 
Harry  Butler. 

The  meeting  then  adjourned.    ^ 
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ALCOCK'S  PHASE-INDICATOR  FOE  SYNCHEONISJNG. 

(^Lumire  Electrique,  Vol,  U,p.  609.) 

A  horizontal  disc  is  attached  to  a  vertical  rod  hung  on  knife  edges,  and 
connected  to  the  new  machine  requiring  to  be  joined  up.  Close  under  this  disc  is 
fixed  a  second  one  in  connection  with  the  one  already  running.  When  the  two  are 
in  step,  the  two  discs  vary  in  potential  concurrently  and  the  hanging  one  is 
repelled,  the  amount  of  repulsion  being  shown  on  a  scale.  When  the  repulsion  is 
the  same  as  ^yhen  both  discs  are  attached  to  one  machine,  a  mercury  contact  ii 
made  joining  the  new  machine  up  with  the  one  already  on. 


THE  GULCHEE  AND  PINTSCH  THEEMOPILE. 

{Lumiere  EUctrique,  Vol.  41,  p.  478.) 

Twelre  or  more  blocks  of  copper  are  arranged  radially  round  a  centre, 
fbnning  a  tube,  through  which  the  flame  of  a  Bunsen  burner  passes.  To  the  back 
of  each  of  these  pieces  of  copper  (which  are  insulated  from  each  other)  are 
connected  the  ends  of  plates  of  antimony-zinc  alloy  and  nickdl ;  the  former  being 
east  on  to  the  copper,  and  the  latter  brazed.  The  outer  end  of  the  nickel  is 
eonnected  to  tlie  outer  end  of  the  antimony  of  the  next  couple,  and  so  on  round  tho 
ring ;  the  series  being— Cold  Sb-Ni,  hot  Ni-Cu,  hot  Ca-Sb,  cold  Sb-Ni,  &c.  Large 
copper  plates  are  attached  to  the  cold  junctions  to  facilitate  radiation.  Several  of 
the  rings  thus  built  up  are  placed  one  over  the  other,  separated  by  asbestos,  which 
18  the  insulating  material  used  throughout;  the  flame  of  the  burner  passing  through 
the  tube  thus  formed.  The  whole  is  in  an  outer  case,  through  which  a  draught  of 
air  is  induced  by  joining  it  to  the  outlet  of  the  central  tube  into  the  chimney. 


THE  WATEE-POWEE  STATION  AT  DOVEB,  U.S.A. 

(EUktrotechni9che  Z^Uchrift,  Vol.  12,  No.  27,  p.  861.) 

The  generating  station  is  situated  on  the  banks  of  the  Salmon,  some  seven 
miles  from  the  town  of  Dover,  and  also  supplies  current  to  Eochester  and  East 
Bochester,  which  are  at  a  similar  distance,  and  to  three  other  towns  somewhat 
nearer,  besides  running  12  lo-H.P.  cars  on  a  tramway  of  about  seven  miles.  The 
motive  power  Is  obtained  from  a  500-H.P.  turbine,  and  in  case  of  a  breakdown  or 
shortness  of  water  two  250-H.P.  engines  have  been  erected  as  a  stand-by.  There 
are  nine  50-lighter  Thomson-Houston  arc  light  machines,  one  140-unit  alternator 
for  glow  lamp  circuits,  and  three  machines — 210  H  J*,  total — for  the  tramway,  all 
worked  direct  except  the  alternator,  which  is  belt-driven 
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Br.  BEHSLS&-THE  SESSACH-GELTEREINDEN  STREET 
RAILWAY. 

(Electrotechniache  Zeitgchrift,  Vol  12,  p.  604.) 

The  line  is  3^  kilometres  loDg,  with  one  intermediate  station,  and  mns 
principally  on  the  public  streets  and  roads.  The  sharpest  gradient  is  about  1  in  70. 
The  two  sharpest  curves  are  ($0  metres,  and  one  of  these,  being  on  a  gradient  of  1  in 
85,  is  the  part  of  the  line  which  requires  more  power  than  any  other.  The  power 
is  obtained  from  a  Jonval  turbine  giving  about  40  H.P.  at  98  to  100  revs.  The 
dynamo  is  a  series  one  and  runs  at  600  revs.,  giving  700  volts  and  50  amperes.  The 
current  is  taken  off  by  two  pairs  of  copper  gauze  brushes,  and  it  is  found  that  there  is 
much  less  injurious  action  on  neighbouring  telephone  wires  than  when  plate  bmshee 
are  used.  The  load  being  very  variable,  and  the  cost  of  power  negligible,  the  velo- 
city of  the  dynamo  is  regulated  by  a  brake.  The  dynamos  are  carefully  protected 
from  lightning,  the  guards  consisting  of  carbon  points  set  opposite  one  another  and 
momentarily  snatched  apart  by  an  electro-magnet  to  break  the  arc  when  the  machine 
current  follows  a  discharge.  This  apparatus  has  eo  far  always  worked  most 
satisfactorily.  The  current  is  taken  by  the  cars  by  an  overhead  arm,  from  a  hard- 
drawn  copper  rod  ^  in.  diam.,  which  runs  the  whole  length  of  the  line,  and  is  joined 
every  100  yards  to  a  second  insulated  conductor  carried  on  the  same  poets.  Both 
conductors  are  on  oil  insulators.  The  rolling  stock  consists  of  one  locomotive,  four 
carriages,  and  four  goods  waggons.  The  locomotive  has  two  drum  armature  four- 
pole  25-H.P.  motors  with  radial  carbon  brushes,  and  will  run  in  either  direction. 
The  axle  of  the  driving  wheels  runs  loose  through  the  base  of  the  motor,  and  is 
connected  to  the  spindle  of  the  latter  by  gearing.  The  motor  is  kept  approximately 
vertically  over  the  axle  by  a  strong  spring,  which,  however,  gives  enough  to  prevent 
jars  at  starting.    The  lighting  has  to  be  done  by  oil,  as  the  E.  M.F.  is  very  variable. 


P.  BACHMBTJEW— SOME  PHENOMENA  IN  PERMANENT 
MAGNETISM. 

(Exner^s  Eepertorium,  27,  p,  147,  1891 ;  Beibldtter,  No,  6,  1891.) 

The  experiments  were  on  straight  and  also  on  ring  magnets,  and  the  changes  of 
magnetism  were  measured  by  a  coll  round  the  magnet  joined  to  a  ballistic  galvan- 
ometer. The  magnets  were  excited  by  a  current  round  another  winding.  From 
the  results  it  appears  that  the  effects  are  not  the  same  in  the  two  forms. 

The  normal  magnetism,  M^  of  a  straight  electro-magnet  is  the  mean  of  the  two 
induction  currents,  C  and  C^,  obtained  by  making  the  current  in  one  direction  and 
then  reversing  it;  so  that  AfH»Ex^(C  +  Ci},  and  the  permanent  magnetism 
M,  »  K  X  ^  (C^  —  C),  where  K  is  a  constant.  The  normal  magnetism  for  a  ring 
magnet,  however,  is  expressed  by  the  formula,  M„  »  K  x  }  (C  +  2  C^).  Its  per- 
manent magnetism  when  it  vanishes  seems  to  cause  only  one-half  the  effect  that 
it  should. 
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K,   L.    CALLEHDB&-THE  CONSTBQGTION  OF  PLATINUM. 
THEBMOMETEBS. 

(PAtf.  Mag,,  Vol,  «2,  No.  194,  p.  106.) 
Contraiy  to  what  is  generally  sapposed,  the  anthor  finds  that,  when  properly 
oonstracted,  this  fonn  of  thermometer  Is  very  trustworthy,  and  not  liable  to  the 
changes  of  zero  which  occnr  in  the  Siemens  form,  and  which  he  attributes  to  the 
fact  that  the  wire  is  in  that  pattern  wound  on  a  clay  cylinder,  which  attacks  the 
metal  at  high  temperatures.  The  author  winds  a  fine  platinum  wire,  preferably 
non-indnctiyelyy  on  a  thin  sheet  of  mica,  fuses  or  welds  the  ends  on  to  stout 
leads,  and  encloses  the  whole  in  a  tube.  For  temperatures  below  700°  C.  the 
tube  may  be  hard  glass,  and  the  leads  silver  or  copper.  For  rough  work  below 
1,000**  0.  a  wrought-iron  tube  and  iron  leads  may  be  used,  but  for  accurate  tests 
platinum  leads  and  a  glazed  porcelain  or  silica  tube  are  necessary.  The  leads  are 
insulated  by  passing  through  holes  in  a  series  of  mica  wads  fitting  in  the  tube.  To 
allow  for  the  resistance  of  the  leads  (which,  if  thick,  are  cumbersome  and  costly, 
and,  if  thin,  are  liable  to  introduce  errors,  as  their  temperature  is  unknown)  the 
anthor  runs  a  pair  of  exactly  similar  wires  from  the  bridge  to  the  tube,  and  down 
to  the  bottom  of  the  latter,  where  they  are  joined  together.  These  wires  vary  in 
resistance,  therefore,  exactly  as  the  leads  to  the  coil  do,  and  by  introducing  them 
into  the  *<  B"  of  the  bridge  (using  equal  ratios)  the  lead  resistance  Is  accurately 
compensated.  The  formula  generally  used  is  that  of  Siemens — R  =:aTi  +  iST-fy; 
but  the  anthor  has  found  Benoit's  simpler  formula,  viz.,  B-rB^  ^l+aT  +  zST', 
to  be  much  preferable.  The  following  advantages  of  this  form  of  thermometer 
may  be  pointed  out :— The  range  is  from  absolute  zero  to  above  1,600°  0 ;  whereas 
a  mercury  thermometer  is  only  available  between  —  40°  and  +  400°.  A  mercury 
thermometer  will  alter  its  zero  10**  or  20°  if  kept  at  360^  for  a  week,  besides 
being  subject  to  erratic  variations  depending  on  its  past  histoiy,  so  that  it  is 
impossible  to  obtain  results,  even  with  the  best  instruments,  accurate  to  0*1° 
in  200**.,  A  properly  made  platinum  one,  when  once  annealed,  which  is  done 
in  a  few  minutes,  will  not  vary  its  zero  0*01°  when  used  at  any  temperatures 
np  to  500°  C.  And  the  author  has  used  some  up  to  1,300°  C,  and  not  found  an 
alteration  of  more  than  0*1°.  There  is  no  correction  to  be  made  for  the  amount  of 
the  stem  not  immersed,  which  may  in  a  mercury  thermometer  lead  to  considerable 
errors.  And,  lastly,  the  scale  may  be  made  very  open.  The  author  uses  a  slide 
wire  as  part  of  the  '<  B  "  arm  of  his  bridge  for  the  final  adjustment,  and  readings 
of  1  cuL,  or  even  more,  per  degree  can  easily  be  arranged  for. 


C.  PBOMMB— MAGNETIC  INVESTIGATIONS. 
(Wiwloiiann's  Annalen,  Vol  44,  No.  9, p.  138.) 
The  anthor  in  his  former  papers  (cf.  previous  abstracts)  investigated  the 
abnormal  phenomena  in  permanent  magnetism  depending  on  the  manner  in  which 
the  current  in  the  magnetising  solenoid  was  broken — ^whether  quickly  or  slowly. 
In  the  present  paper  he  inquires  how  far  these  effects  are  due  to  the  presence 
or  absence  of  induced  cnnents  in  the  iron,  or  oscillatory  currents  at  break  in  the 
solenoid.    He  first  applied  a  strong  magnetising  current,  and  then  slowly  reduced 
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it,  repeating  this  till  the  permanent  magnetism  (P.M.)  was  constant.  He  then 
applied  a  somewhat  smaller  force,  also  slowly  rednced  to  zero,  and  noted  the  change 
in  P.M.  The  whole  was  then  repeated,  but  the  magnetising  spiral  vras  in  the 
case  of  the  small  cnrrent  short-circuited  before  the  battery  circuit  was  broken, 
thns  giring  a  quick  break,  but  without  inducing  currents  in  the  iron  core,  aa 
the  magnetising  current  remained  always  in  the  same  direction,  when  the  short- 
circuit  was  applied,  till  it  died  out.  Enclosing  the  core  (of  iron  wires  in  paraffin) 
in  a  brass  tube  made  no  difference.  In  every  case  the  change  in  P.M.  was 
different  with  quick  and  slow  break,  and  the  author  concludes  that  qnickness 
of  break  is  the  primary  cause  of  the  difference.  Somewhat  different  results  were 
obtained  with  solid  iron  and  steel  cores,  but  amalgamating  iron  wires  and  filling 
the  tube  containing  them  with  mercury  had  no  effect.  The  author  considers  that 
all  the  phenomena  can  be  explained  on  the  theory  of  molecular  magnets,  capable 
of  rotation  ;  the  probability  of  the  truth  of  which  theory  is  therefore  strengthened. 


W.  SS&ABB&-TH£  TERMINAL  RESISTANCE  OF  A  SMALL 

CONDUCTOR  WITH  VERY  LARGE  ENDS. 

(^Wiedemann's  Annalen,  Vol.  44,  No,  10,  p,  222.) 

When,  as  in  mercury  resistance  standards,  the  resistance  consists  of  a  small 
tube  of  mercury  terminating  in  receptacles  of  mercury  of  very  large  aection 
compared  to  a,  the  cross  section  of  the  tube,  a  correction,  n  a,  has  to  be  added 
to  the  length  to  allow  for  the  spread! ug  out  of  current  when  it  leaves  the  tube. 
Maxwell  has  calculated  that  the  value  of  n  lies  between  0-785  and  0*849.  Rayleigh 
(Proe,  Land,  Math.  Soc.,  1875-76)  showed  that  n  was  less  than  0*8242,  and  believed 
that  it  was  rery  near  to  that  iBgure.  The  author,  by  actual  experiments,  makes 
n  =  0*805.  The  only  previous  experimental  determinations  are,  he  believes,  those 
of  Mascart,  who  found  n  z:  0*794,  and  Eohlrausch,  who  made  it  0*789. 

The  author's  method  was  to  immerse  in  a  mercury  bath  a  horizontal  glass  tube 
about  0*002  inch  internal  diameter,  and  having  vertical  ends  of  large  diameter. 
The  tube  and  bath  were  filled  with  mercury  until  the  level  was  the  same  inside 
and  out.  Ihe  resistance  between  amalgamated  platinum  plates  in  the  two  vertical 
ends  was  then  taken,  being  that  of  the  capillary  tube  plus  the  two  end  contacts, 
&c.  The  tube  was  then  broken  in  the  middle,  under  the  mercury,  and  the 
resistance  again  taken  with  ends  at  a  considerable  distance  apart.  This  gave  the 
former  resistance  plus  the  *'  spreading-out  resistance,***  where  the  current  leaves 
each  end  of  the  broken  tube  and  spreads  out  into  the  (practically  infinite)  mass 
of  mercury  all  round.  The  resistance  increased  as  the  tubes  were  drawn  further 
and  further  apart,  until  their  ends  were  about  1  cm.  from  each  other,  but  after 
that  it  remained  practically  constant.  The  mean  value  of  n  from  a  huge  number 
of  these  experiments  was  0*804.  Another  series  of  similar  determinations  was  then 
made  with  KHSO4,  which  was  chosen  as  having  a  very  low  temperature 
coefficient.  Its  resistance  was  measured  by  alternating  currents  and  telephone, 
and  the  mean  of  the  results  was  n  =  0*805.  The  tubes  used  were  6  and  8  mm. 
diameter-*say  0*24  in.  and  0*32  in. 

Ausbreitungawidenrtand. 
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P.  edBALDY— AN  ATTEMPT  AT  A  SIMPLE  THEORY  OP  MOTORS 
WITH  ROTATING  FIELD. 

{Lumire  Electrique,  Vol  40,  No.  27,  p  1.) 

The  Biinple  machine  with  rotating  field  connsts,  a«  is  well  known,  of  two 

magnetic  fields  at  right  angles  to  each  other,  of  which  one  is  excited  at  any  instant 

by  a  cnrrent  C  =  A;  sin  a,  where  ib  is  a  constant,  and  the  other  hy  a  coirent  C  =  ib 

cot  a.    In  the  machine,  Fig.  1,  when  the  cnrrent  in  A  and  B  is  ib  sin  a,  that  in  C 

Sin,a  SUvOi 

-SUv  a  'Sirt  a 

Fio.  1.  Fig.  2. 

and  D  is  I-  cos  a,  or  X;  sin  («  —  f )  >  <*^*}  the  current  in  C  and  D  lags  90°  behind 
that  in  A  and  B.  Now  interpose  between  A  and  B,  instead  of  one,  two  other  pairs 
of  coils  at  angles  of  «»  or  60°  (Fig.  2),  and  let  the  currents  in  them  lag  to  that 
extent:  t.e.,  at  uny  instant 

the  current  in  A  and  B  is  0^  =  ib  sin  a ; 

that  in  C  and  D  is  C,  =  ib  sin  {«  -  ^)  ; 

that  in  E  and  F  is  C.  =  A;  sin  (a  -  -^\ 

Now  use  a  common  return  for  C^  and  C,.    The  cnrrent  in  this  will  be 

Ci  +  C,  =  A;  [sin  a  +  sin  («  -  ^)]  ; 
simplifying  this,  we  have, 

Cx  +  C,=A;sin(«-^), 

or  exactly  the  current  required  for  the  remaining  pair 
of  coils ;  so  by  winding  them  with  this  return  wire  we 
have  the  three  sets  of  coils  with  the  required  lag  of 
€0°  between  each,  and  only  requiring  three  wires. 
The  Hutin  and  Leblanc  machine  (Fig.  3)  is  practically 
a  multipolar  form  of  l^^ig.  1.  The  circumference  of  the 
field  magnets  is  divided  into  some  multiple  of  4 ;  and 
two  alternating  currents  are  used,  the  one  lagging  90^ 
behind  the  other.  The  one  current  passes  round  A, 
and  may  be  expressed  as  sin  a ;  it  then  passes  m  the 
opposite  direction  round  B,  and  has  therefore  the 
same  effect  as  a  current  of  —  siu  a.  Thence  it  passes 
to  the  winding  of  A^,  wound  in  the  same  direction  as 
A,  and  so  on  round  the  circle.  In  the  same  way  the 
second  alternating  current  passes  round  C  and  D  in 
opposite  directions,  and  may  be  written  as  cos  a  and 


^ 

V 

^' 

A,8uv  a 
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—  008  a  in  the  two  respectively.  So  that  when  A  (and  eyery  fonrth  pole 
from  it)  is  N.,  C  is  neatnl,  B  is  S.,  and  D  is  neutral ;  then  A  becomes 
neutral,  C  is  N.,  B  nentral,  and  D  is  S.,  and  so  on.  By  the  use  of  condensers 
MM.  Hutin  and  Leblanc  get  two  currents  differing  90^  in  phase  from  the 
two  leads  of  an  ordinary  alternating  circuit.  The  armature  consists  of  two 
closed  circuits,  each  haying  half  as  many  poles  as  the  armature.  Suppose 
the  field  does  not  rotate— i.e.,  excite  the  magnets,  by  direct  currents,  to 
the  same  state  in  which  they  simultaneously  are  at  some  particular  moment  with 
the  alternating  current.  Now  rotate  the  armature  (saj)  counter  clockwise:  a 
current  will  he  set  up  in  it,  alternating  once  for  eyeiy  time  an  armature  pole  passes 
four  magnet  poles;  these  currents  being,  of  course,  in  such  a  direction  as  to 
tend  to  cause  reyolution  in  a  clockwise  direction.  Fix  the  armature  and  reyolye 
the  field  magnets  bodily,  clock^vise,  and  the  effect  is  the  same.  But  the  effect  of 
this  lost  is  exactly  the  same  as  that  of  a  clockwise  reyolving  field  with  alternating 
current,  which,  therefore,  also  causes  clockwise  rotation,  the  limiting  yelocity  of 

rotation  being  — ,  N  being  the  C\J-  per  second  of  the  driying  current,  and  n  one- 
fourth  the  number  of  poles  in  the  field-magnet  circuit.  The  author  concludes  with 
mathematical  calculations  (without  calculus)  on  torque,  power,  speed,  &c. 


Bt.  X  FULUJ— MEASUREMENT  OF  COEFFICIENT  OF  SELF- 
INDUCTION  BY  ALTERNATING  CURRENT  AND 
DYNAMOMETER 

The  author  uses  as  a  source  of  alternating  current  a  horse-shoe  electro-magnet 
with  two  windings ;  the  one  of  low  resistance,  0*16  «,  traversed  by  the  cuirent  from 
a  couple  of  accumulators  and  a  fine  wire  secondary  circuit  of  0'7G0  «.  In  front  of 
the  poles  he  rotates  an  iron  wheel  carrying  a  number  of  soft  iron  pole-pieces,  thus 
obtaining  alternating  currents  in  the  secondary  winding  of  his  magnet.  The  speed 
is  kept  constant  by  using  a  heavy  driving  wheel  and  keeping  the  note  of  the 
machine  in  unison  with  that  of  a  pitch-pipe  or  tuning-fork.  The  dynamometer 
used  IS  a  very  low  reading  one  of  the  Siemens  type,  the  moving  coil  being  spherical 
and  having  an  iron  core.  An  inductionleas  resistance  is  put  in  series  with  the  coil 
whose  X  is  to  be  measurod  and  the  alternating  current  passed  through  them.  The 
dynamometer  is  then  joined  first  across  the  terminals  of  the  coil  and  then  across 
those  of  the  resistance,  and  \  of  the  coil  is  obtained  from  a  long  expression  in  terms 
of  the  two  deflections,  the  \  of  the  dynamometer,  the  number  of  f\J,  and  the 
various  resistances.  The  author  gives  fully  worked  tests  on  two  coils  of  1*2  x  0*08 
secohms— by  calculation,  by  the  Raleigh  method,  and  by  his  own.  The  throe 
methods  agree  within  one  or  two  per  cent. 
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An  'l^KbnoidmBiy  General  Meeting  of  the  Institutipn  was  held  at 
the  Bojral  Listitutioii,  Albemarle  Street,  on  Wednesday 
^Telling,  February  3rd— Professor  W.  E.  Aybtox,  F.RJ9., 
.Pire^ept,  in  the  Chair. 

The  following  lecture  was  delivered  by  Nikola  Tesla,  Foreign 
Meniber,  on 

£XP£SIMENTS  WiTH  AiLTESNATE  GUfiBENTS  OF  UiaH 
POTENSUL  i^KE)  SLQJi  FKEQUSNCY. 

Ladies  and  Gentlemen, — I  cannot  find  words  to  express  how 
de^ly  I  feel  the  honour  of  addressing  some  of  the  foremost 
thinkers  of  4;he  present  times,  and  so  many  able  scientific  men, 
^x&gineers  and  electricians,  jof  the  county  greatest  in  scientific 
achievements* 

.The  results  which  I  have  the  honour  to  present  before  ^uch 
gathering  I  cannot  call  my  own.  There  are  among  you  not  a 
Jew  who  can  lay  better  claim  than  myself  on  any  feature  of  merit 
which  this  work  may  contain.  I  need  not  mention  many  names 
which  are  world-known — ^names  of  those  among  you  who  are 
recognised  as  the  leaders  in  this  enchanting  science ;  but  OTiBf 
At  least,  I  must  mention — a  name  which  could  not  be  omitted  in 
a  difaionstration  of  this  kind.  It  is  a  name  associated  with  the 
most  beautiful  invention  ever  made :  it  is  Crookes ! 
VOL.  XXL  5 
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When  I  was  at  college,  a  good  time  ago,  I  read,  in  a  translation 
(for  then  I  was  not  &miliar  with  your  magnificent  language),  the 
description  of  his  experiments  on  radiant  matter.  I  read  it  only 
once  in  my  life — that  time — ^yet  every  detail  about  that  charming 
work  I  can  remember  this  day.  Few  are  the  books,  let  me  say, 
which  can  make  such  an  impression  upon  the  mind  of  a  student. 

But  if  on  the  present  occasion  I  mention  this  name,  as  one  of 
many  your  Institution  can  boast  of,  it  is  because  I  have  more 
than  one  reason  to  do  so.  For  what  I  have  to  tell  you  and  to  show 
you  this  evening  concerns  in  a  Iiurge  measure  that  same  vague 
world  which  Professor  Grookes  has  so  ably  explored ;  and,  more 
than  this,  when  I  trace  back  the  mental  process  which  led  me  to 
these  advances — ^which  even  by  myself  cannot  be  considered 
trijlingy  since  they  are  so  appreciated  by  you — ^I  believe  that 
\;heir  real  origin,  that  whibh  started  me  to  work  in  this  direo- 
tlon,  and  brought  me  to  them  after  a  long  period  of  constant 
thought,  was  that  fascinating  little  book  which  I  read  many 
years  ago. 

And  now  that  I  have  made  a  feeble  effort  to  express  my 
homage  and  acknowledge  my  indebtedness  to  him  and  others 
among  you,  I  will  make  a  second  effort,  which  I  hope  you  will 
not  find  so  feeble  as  the  first,  to  entertain  you. 

.  GKve  me  leave  to  introduce  the  subject  in  a  few  words. 

A  short  time  ago  I  had  the  honour  to  bring  before  our 
American  Institute  of  Electrical  Engineers  some  results  then 
arrived  at  by  me  in  a  novel  Une  of  work.  I  need  not  assure 
you  that  the  many  evidences  which  I  have  received  that  English 
scientific  men  and  engineers  were  interested  in  this  work,  have 
been  for  me  a  great  reward  and  encouragement.  I  will  not  dwell 
upon  the  experiments  already  described,  except  with  the  view 
of  completing,  or  more  clearly  expressing,  some  ideas  advanced 
by  me  before,  and  also  with  the  view  of  rendering  the  study  here 
presented  self-contained,  and  my  remarks  on  the  subject  of  this 
evening's  lecture  consistent. 

This  investigation,  then,  it  goes  without  saying,  deals  with 
alternating  currents,  and,  to  be  more  precise,  with  alternating 
currents  of  high  potential  and  high  firequency.     Just  in  how 
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much  a  very  high  frequency  is  essential  for  the  production  of 
the  results  presented,  is  a  question  which,. even  with  my  present 
experience,  would  embarrass  me  to  answer.  Some  of  the 
experiments  may  be  performed  with  low  frequencies;  but  very 
high  frequencies  are  desirable,  not  only  on  account  of  the  many 
effects  secured  by  their  use,  but  also  as  a  convenient  means  of 
obtaining,  in  the  induction  apparatus  employed,  the  high 
potentials  which,  in  their  turn,  are  necessary  to  the  demon- 
stration of  most  of  the  experiments  here  contemplated. 

Of  the  various  branches  of  electrical  investigation,  perhaps 
the  most  interesting  .and  inmiediately  the  moEft  promising  is  that 
dealing  with  alternating  currents.  The  progress  in  this  branch 
of  i^pUed.  science  has  been  so  great  in  recent  years  that  it 
justifies  the  most  sanguine  hopes.  Hardly  baye  we  beooiae 
familiar  with  one  £bu^  when  novel  experiences  are  made,  and  new 
avenues  of  research  are  opened.  Even  at  this  hour  possibilities 
not  dreamt  of  before  are,  by  the  use  of  these  currents,. partly 
realised.  As  in  Nature  all  is  ebb  and  tide,  all  is  wave  motion, 
so  it  seems  that  in  all  branches  of  industry  alternating  currents — 
electric  wave  motion — will  have  the  sway.  • 

One  reason,  perhaps,  why  this  branch  of  science  is  being  so 
rapidly  developed  is  to  be  found  in  the  interest  which  is  attached 
to  its  experimental  study.  We  wind  a  simple  ring  of  iron  with 
coils;  we  establish  the  connections  to  the  generator,  and  with 
wonder  and  deUght  we  note  the  effects  of  strange  forces  which 
we  bring  into  play,  which  allow  us  to  transform,  to  transmit  and 
direct  energy  at  will.  We  arrange  the  circuits  properly,  and  we 
see  the  mass  of  iron  and  wires  behave  as  though  it  were  endowed 
with  life,  spinning  a  heavy  armature,  through  invisible  conneo- 
tions,  with  great  speed  and  power — ^with  ther  energy  possibly 
4X>nveyed  from  a  great  distance.  We  observe  how  the  energy  of 
an  alternating  current  traversing  the  wire  manifests  itself — ^not 
so  much  in  the  wire  as  in  the  surrounding  space — ^in  the  most 
surprising  manner,  taking  the  forms  of  heat,  light,  mechanical 
energy,  and,  most  surprising  of  all,  even  chemical  affinity.  All 
these  observations  fascinate  us,  and  fill  us  with  an  intense  desire 
to  know  more  about  the  nature  of  these  phenomena.    Each  day 
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we  go  to  onr  work-in' the  hope  of  Sisebvering, — ^in  the  hope  that 
'some'oney  no  matter  who,  may  find  a  solution  of  one  of  th& 
'pending  great,  problems, — and  each  sucoeeding  day  we  return  to- 
x>ur  task  with  renewed  ardour;  and  even  if  we  are  unsuccessful,  our 
Srork  has  not  been  in  vain,  for  in'these  strivings,  in  these  efforts,, 
we 'have  found  hours  of  untold  pleasure,  and  we  have  directed  our 
energies  to' the  benefit  6f  mankind. 

"We  may  take — at  random,  if  you  choose — any  of  the  many^ 

experiments  which  may  be  performed  with  alternating  currents  ^ 

a^few  of  which  only,  and  by  no  means  the  most  striking,  form  the 

subject  of  this  evening's  demonstration:  they  are  all  equally 

'interesting,  equally  inciting  to  thought. 

Here  is  a  simple  glass  tube  from  which  the  air  has  been 
partially  exhausted.  I  take  hold  of  it;  1  bring  my  body  in  con- 
tact with  a  wire  conveying  alternating  currents  of  high  potential^ 
and  'the  tube  in  my  hand  is  brilliantly  lighted.  In  whatever 
'position  I  may  put  it,  wherever  I  may  move  it  in  space,  as  &r 
as  I  can  reach,  its  soft,  pleasing  light  persists  with  undiminished 
brightness. 

Here  is  an  exhausted  bulb  suspended  from  a  single  wire* 
Standing  on  an  insulated  support,  I  grasp  it,  and  a  platinum 
button  mounted  in  it  is  brought  to  vivid  incandescence. 

Here,  attached  to  a  leading  wire,  is  another  bulb,  which^ 
as  I  touch  its  metallio  socket,  is  filled  with  magnificent  colours 
of  phosphorescent  light. 

Here  still  another,  which  by  my  fingers'  touch  casts  a 
shadow — ^the  Crookes  shadow  of  the  stem  inside  of  it. 

Here^  again,  insulated  as  I  stand  on  this  platform,  I  bring  my 

*  body  in  contact  with  one  of  the  terminals  of  the  secondary  of  thia 

induction  coil — ^with  the  end  of  a  wire  many  miles  long — and  you 

see  streams  of  light  break  forth  from  its  distant  end,  which  is  set 

in  violent  vibration. 

Here,  once  more,  I  attach  these  two  plates  of  wire  gauze 
to  the  termioals  of  the  coil,  I  set  them  a  distance  apart, 
and  I  set  the  coil  to  work.  You  may  see  a  small  spark 
pass  between  the  plates.  I  insert  a  thick  plate  of  one  of  th6  best 
dielectrics  between  them,  and  instead  of  rendering  altogether 
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jmpoesible,  as  we  are  nsed  to  eiqpect^  I  aid  the  passage  of  the 
diacbarge,  which,  as  I  insert  the  plate,  merely  changes  in 
appeejanoe  and  assumes  the  form  of  luminous  streams* 

Is  there,  I  ask,  can  there  be,  a  more  interesting  study  than 
that  of  alternating  currents  ? 

In  all  these  investigations,  ladies  and  gentlemen,  in  all  these 
experiments^  which  are  so  veiy,  veiy  interesting,  for  many  years 
pa8(>-*e?er  since  the  greatest  experimenter  who  lectured  in  this 
hall  discovered  its  principle — ^we  have  had  a  steady  companion, 
jm  aiqpliance  fiimiliar  to  everyone,  a  plaything  once^  a  thing  of 
momentous  importance  tujw — ^the  induction  coil.  There  is  no 
dearer  appliance  to  the  electrician.  From  the  ablest  among  you,. 
I  dare  say,  down  to  the  ineiqperienced  student,  to  your  lecturer, 
we  all  have  passed  many  delightful  hours  in  experimenting  with 
the  induction  coiL  We  have  watched  its  play,  and  thought  and 
pondered  over  the  beautiful  phenomena  which  it  disclosed  to  our 
lavished  ejes.  So  well  known  is  this  apparatus,  so  familiar  are 
these  phenomena  to  eveiyone,  that  my  courage  nearly  fails  me 
when.I  think  that  I  have  ventured  to  address  so  able  an  audience, 
that  I  h^ye  hazarded  to  entertain  you  with  that  same  old  subject. 
Here  in  reality  is  the  same  apparatus,  and  here  are  the  same 
phenomena,  only  the  apparatus  is  operated  somewhat  differently, 
the  phenomena  are  presented  in  a  different  aspect.  Some  of  the 
results  we  find  as  expected,  others  surprise  us,  but  all  captivate 
our  attention,  for  in  scientific  investigation  each  novel  result 
achieved  may  be  the  centre  of  a  new  departure,  each  novel  fiEict 
learned  may  lead  to  important  developments. 

Usually  in  operating  an  induction  coil  we  have  set  up  a 
vibmtion  of  moderate  frequency  in  the  primary,  either  by  means 
of  an  interruptor  or  break,  or  by  the  use  of  an  alternator. 
Earlier  English  investigators,  to  mention  only  Spottiswoode  and 
J.  E.  H.  Gordon,  have  used  a  rapid  break  in  connection  with  the 
•coiL  Our  knowledge  and  experience  of  to-day  enables  us  to  see 
clearly  why  these  coils  under  the  conditions  of  the  tests  did  not 
•disclose  any  remarkable  phenomena,,  and  why  able  experimenters 
fiiiled  to  perceive  many  of  the  curious  effects  which  have  since 
heesa  observed. 
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In  the  experiments  such  as  performed  this  evening,  we  operate 
the  coil  either  from  a  specially  constructed  alternator  capable  of 
giving  many  thousands  of  reversals  of  current  per  second,  or,  by 
disruptiviely  discharging  a  condenser  through  the  primary,  ve  set 
up  a  vibration  in  the  secondary  circuit  of  a  frequency  of  many 
hundred  thousands  or  millions  per  second,  if  we  so  desire;  iand  in 
using  either  of  these  means  we  enter  a  field  as  yet  unexplored. 

It  is  impossible  to  pursue  an  investigation  in'  any  novel  line 
without  finally  making  some  interesting  observation  or  leaming^ 
some  useful  fact.  That  this  statement  is  applicable  to  the  subject 
of  this  lecture  the  many  curious  and  unexpected  phenomena  which 
we  observe  afford  a  convincing  prool  By  way  of  illustration  take, 
for  instance,  thei  most  obvious  phenomena,  those  of  the  discharge 
of  the  induction  coil. 

Here  is  a  coil  which  is  operated  by  currei&ts  vibrating  with 
extreme  rapidity,  obtained  by  dismptively  discharging  a  Leyden 
jar.  It  would  not  surprise  a  student  were  the  lecturer  to  say 
that  the  secondary  of  this  coil  consists  of  a  small  length  of 
comparatively  stout  wire;  it  would  not  surprise  him  were  the 
lecturer  to  state  that,  in  spite  of  this,  the  coil  is  capable  of  giving 
any  potential  which  the  best  insulation  of  the  turns  is  able  to 
withstand ;  but  although  he  may  be  prepared,  and  even  indifferent 
as  to  the  anticipated  result,  yet  the  aspect  of  the  discharge  of 
the  coil  will  surprise  and  interest  him.  Eveiyone  is  fiuniHar  with 
the  discharge  of  an  ordinary  coil ;  it  need  not  be  reproduced  here. 
But,  by  way  of  contrast,  here  is  a  form  of  discharge  of  a  coil  the 
primary  current  of  which  is  vibrating  several  hundred  thousand 
times  per  second.  The  discharge  of  an  ordinary  coil  appears  as  a 
simple  line  or  band  of  light.  The  discharge  of  this  coil  appears 
in  the  form  of  powerful  brushes  and  luminous  streams  issuing 
from  all  points  of  the  two  straight  wires  attached  to  the  terminals 
of  the  secondary. 

Now  compare  this  phenomenon  which  you  have  just  witnessed 
with  the  discharge  of  a  Holtz  or  Wimshurst  machine — that  other 
interesting  appliance  so  dear  to  the  experimenter.  What  a 
difference  there  is  between  both  these  phenomena !  And  yet,  had 
I  made  the  necessary  arrangements — which  could  have  been  made 
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easily,  were  it  not  that  they  would  interfere  with  other  experi- 
ments— ^I  conld  have  produced  with  this  coil  sparks  which,  had  I 
the  coil  hidden  from  your  view  and  only  two  knobs  exposed,  even 
the  keenest  observer  among  you  would  find  it  difficult,  if  not 


Tm.  !•— Dliehaigo  between  Two  Wires  with  Frequencies  of  a  Few  Hnndred 
Thousands  per  Second. 

impossible,  to  distinguish  from  those  of  an  influence  or  friction 
machine.  This  may  be  done  in  many  ways — ^for  instance,  by 
operating  the  induction  coil  which  charges  the  condenser  from 
an  alternating-current  machine  of  very  low  frequency,  and 
preferably  adjusting  the  discharge  circuit  so  that  there  are  no 
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oscillations   set  up  in  it.    We  then  obtain  in  the  secondary 
oircnit,  if  the  knobs  are  of  the  required  size  and  properly  set, 

a  more  or  less  rapid  succession  of 
sparks  of  great  intensity  and  small 
quantity,  which  poMess  the  same 
brilliancy,  and  areMoompanied  by 
the  same  sharp  crackling  sound, 
as  those  obtained  from  a  friction 
or  influence  machine^ 

Another  way  is  to  pass  through 
two  primary  circuits,  having  a 
common  secondary, .  two  currents 
of  a  slightly  different  period,  which 
produce  in  the  secondary  circuit 
sparks  occurring  at  comparatiyely 
long  intervals.  But,  even  with 
the  means  at  hand  this  evening,  I 
may  succeed  in  imitating  the 
spark  of  a  Holtz  machine.  For 
this  purpose  I  establish  between 
the  terminals  of  the  coil  which 
charges  the  condenser  a  long,  un- 
steady arc,  which  is  periodically 
interrupted  by  the  upward  current 
of  air  produced  by  it.  To  increase 
the  current  of  air  I  place  on  each 
side  of  the  arc,  and  close  to  it,  a 
large  plate  of  mica.  The  con- 
denser charged  from  this  coil  dis- 
charges into  the  primary  circuit 
of  a  second  coil  through  a  small 
^  g^P)  which  is  necessary  to  pro- 
duce a  sudden  rush  of  cotratt 
through  the fnimarjr.  Thevcheme 
^^ —  of  connections  in  the  peesent  el- 

Fko.  2.  —Imitating  the  Spark  of  a  .         x  •    *   j«?  ^   j  .     «.      ^ 

Holtz  Machine.  petiment  is  indieiited  m  F2g.  2. 

6^  is   an   ordinarily  coistructed  alternator,  supplying  tUe 

Digitized  byVjOOQlC 


1892.]  OF  HIGH  POTEWTIAL  AND  HIGH  FBBQUENCY.  »^ 

primary,  Py  of  an  induction  coil,  the  seeondary,  8y  of  which 
charges  the  condenserR,  or  jars,  0  G.  The  teminalg  of  th^i 
secondary  are  connected  to  the  inside  coatings  of  the  jars^  tber 
outer  coatings  being  connected  to  the  ends  of  the  primaryvi 
J)  J9,  of  a  second  induction  coiL  l%is  primary  p  j[>  has  a  smallt 
air  gap,  a  b. 

The  secondaiy,  s,  of  this  coil  is  prtmded  with  knohsy  ov 
spheres,  K  K^  of  the  proper  size,  and  set  at  a  distance  suitable 
for  the  experiment. 

A  long  arc  is  established  between  the  terminals,  A  J9,  of  tto 
first  induction  coil.    Jf  Jf  are  the  mica  plates. 

Each  time  the  arc  is  broken  between  A  and  B  the  j^un  aire' 
quickly  charged  and  discharged  through  the  primary  p  p^  pnH 
ducing  a  snapping  spark  between  the  knobs  K  K.  Upott  the 
arc  forming  between  A  and  B  the  potential  fidls,  and  the  jars 
cannot  be  charged  to  such  high  potential  as  to  break  through 
the  air  gap  a  6  until  the  arc  is  again  broken  by  the  draught. 

In  this  manner  sudden  impulses,  at  long  intervals,  are  pro* 
duced  in  the  primary'  p  py  which  in  the  secondary  a  give  a 
corresponding  nhmber  of  impulses  of  great  intensity.  If  the 
secondary  knobs,  or  spheres,  JT  Jf,  are  of  the  proper  size,  the 
sparks  show  much  resemblance  to  those  of  a  Holtz  machine. 

But  these  two  effects,  which  to  the  eye  appear  so  veij 
different,  are  only  two  of  the'  many  discharge  phenomena.  W# 
only  need  to  change  the  conditions  of  the  test,  and  agai»  in^ 
make  other  observations  of  interest. 

When,  instead  of  operating  the  induction  coil  as  iti  1^-  t^m 
last  experiments,  we  operate  it  from  a  high-firequency  alternator^ 
as  in  the  next  experiment,  a  systematic  study  of  the  pheaemena 
is  rendered  nmch  move  easy.  In  such  case,  in  varying  the 
strength  and  frequency  ef  1^  currents  through  the  primaoy, 
we  may  observe  five  distinct  forms  of  discharge,  whidi  I  have 
described  in  my  former  paper  on  this  subject  beftnre  the  Amerioaoi 
Institute  of  Electrical  Engineers,  May  20th,  1891. 

It  would  take  too  much  time,  and  it  would  lead  us  too  £sr 
from  the  subject  presented  this  evening,  to  reproduce  aH  these 
forms,  but-  it  seems  to  me  desirable  to  show  you  one  of  them* 
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It  18  a  brush  discharge,  which  is  interesting  in  more  than  one 
respect.  Viewed  from  a  near  position,  it  resembles  much  a 
jet  of  gas  escaping  under  great  pressure.  We  know  that  the 
phenomenon  is  due  to  the  agitation  of  the  molecules  near 
the  terminal,  and  we  anticipate  that  some  heat  must  b& 
developed  by  the  impact  of  the  molecules  against  the  terminal 
oar  against  each  otiier.  Indeed,  we  find  that  the  brush  is  hot,, 
and  only  a  little  thought  leads  us  to  the  conclusion  that,  could 
we  but  reach  sufficiently  high  frequencies,  we  could  produce  a 
brush  which  would  give  intense  light  and  heat,  and  which  would 
resemble  in  every  particular  an  ordinary  flame,  save,  perhaps,, 
that  both  phenomena  might  not  be  due  to  the  same  agent, — save, 
perhaps,  that  chemical  affinity  might  not  be  dectriMl  in  its 
nature. 

As  the  {NTodiiction  of  heat  and  light  is  here  due  to  the  impact  of 
the  molecules,  or  atoms,  of  air,  or  of  something  else  besides,  and 
as  wci  can  augment  the  energy  simply  by  raising  the  potential,, 
we  might,  even  with  frequ^ides  obtained  from  a  dynama 
machine,  intensify  the  action  to  sudi  a  degree  as  to  bring  the 
terminal  to  melting  heat.  But  with  such  low  frequencies  we 
would  have  to  deal  always  with  something  of  the  nature  of 
an  electric  current.  If  I  approach  a  conducting  object  to  the 
brush,  a  thinny  little  spark  passes,  yet,  even  with  the  frequencies 
used  this  evening,  the  tendency  to  spark  is  not  very  great.  So,, 
for  instance,  if  I  hold  a  metallio  sphere  at  some  distance  above 
the  terminal,  you  may  see  the  whole  space  between  the  terminal 
and  sphere  illuminated  by,  the  streams  without  the  spark  passing  ; 
^d  with  the  much  higher  frequencies  obtainable  by  the  disrup- 
tive discharge  of  a  condenser,  were  it  not  for  the  sudden  impulses,, 
which  are  comparatively  few  in  number,  sparking  would  not  occur 
even  at  very  small  distances.  However,  with  incomparably  higher 
frequencies,  which  we  may  yet  find  means  to  produce  efficiently,, 
and  provided  that  electric  impulses  of  such  high  frequencies 
could  be  transmitted  through  a  conductor,  the  electrical  charac- 
teristics of  the  brush  discharge  would  completely  vanish — ^no 
spark  would  pass,  no  shock  would  be  felt — ^yet  we  would  still 
have  to  deal  with  an  electric  phenomenon,  but  in  the  broad,. 
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modem  interpretation  of  the  word.  In  my  first  paper  before 
referred  to/ 1  have  pointed  oat  the  corions  properties  of  the 
taroish,  and  described  the  best  manner  of  producing  it,  but  I  have 
thought  it  worth  while  to  endeavour  to  express  myself  more 
clearly  in  regard  to  this  phenomencm,  because  of  its  absorbing 
interest. 

When  a  coil  is  q)erated  with  currents  of  very  high  frequency, 
beautiful  brush  effects  may  be  produced,  even  if  the  coil  be  of 
comparatively  small  dimensions.  The  experimenter  may  vary 
them  in  many  ways,  and,  if  it  wen  nothing  else,  they  afford  a 
pleasing  sight.  What  adds  to  their  interest  is  that  they  may 
be  produced  with  one  single  terminal  as  well  as  with  two— in  &ct^ 
often  better  with  one  than  with  two. 
'  But  of  all  the  discharge  phenomena  observed,  the  most 
pleasing  to  the  eye,  and  the  most  instructive,  are  those  observed 
irith  a  coil  which  is  operated  by  means  of  the  disruptive 
discharge  of  a  condenser.  The  power  of  the  brushes,  the  abun-^ 
dance  of  the  sparks,  when  the  conditioioLs  are  patiently  adjusted^ 
is  often  amazing.  With  even  a  very  small  coil,  if  it  be  so  well 
insulated  as  to  stand  a  difference  of  potential  of  several  thousand 
wdts  per  turn,  the  sparks  may  be  so  abundant  that  the  whole  coil 
may  appear  a  complete  mass  of  fire. 

Curiously  enough,  the  sparks,  when  the  terminals  of  the  coil 
aire  set  at  a  considerable  distance,  seem  to  dart  in  every  possible 
direction,  as  though  the  terminals  were  perfectly  independent  of 
each  other.  As  the  sparks  would  soon  destroy  the  insulation,  it 
is  necessary  to  prevent  them.  This  is  best  done  by  immersing 
the  coil  in  a  good  liquid  insulator,  such  as  boiled-out  oil» 
Immersion  in  a  liquid  may  be  considered  almost  an  absolute 
necessity  for  the  continued  and  successful  working  of  such  a  coil. 

It  is  of  course  out  of  question,  in  an  experimental  lecture, 
with  only  a  few  minutes  at  disposal  for  the  performance  of  each 
experiment,  to  show  these  discharge  phenomena  to  advantage, 
as  to  produce  each  phenomenon  at  its  best  a  very  careful  adjust- 
ment is  required.  But  even  if  imperfectly  produced,  as  they  are 
likely  to  be  this  evening,  they  are  sufficiently  striking  to  interest 
an  intelligent  audience. 
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Before  showing  aome  of  thefle  eoiknis  eflbcts  I  mmt^  Urn-  ikm- 
sake  of  completeneet^  giTe  a  dunt  dascription  of  tha^  ooft  mA^ 
other  appantos  uaed  in  the  eiperimflnta  with  the 
discharge  this  evening. 

It  is  contained  in  a  box,  B  (Fig.  3),  ot  thiek  boaids  of- 


Fio.  S.— DiBraptiTe  Discharge  CoiL 

wood^  covered  on  the  outside  with  adnc  sheet,  Z^  which  is  carefolly 
soldered  all  around.  It  might  be  advisable,  in  a  strictly  scientifio 
investigation,  whan  accuracy  is  of  great  importance,  to  do  away 
with  the  metal  cover,  as  it  might  introduce  many  errors,  princi- 
pally on  account  of  its  complex  action  upon  the  coil,  as  a 
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-'vMimiBmt  of  Toy  small  capacity,  and  as  an  electrostatio  tnid 
eleietw-magDetio  screen.  When  the  coil  is  used  Ibr  mich 
experiments  as  are  here  contemplated,  the  emploTment  of  the 
metal  oorer  offers  some  practical  advantages,  but  these  are  '^f 
not  suffidMit  importance  to  fcedwelt  upon. 

The  coil  shoold  be  plsced  sjmmetficaUy  to  the  metal  cover, 
and  the  space  between  shoold  of  course  not  be  too  small — certainly 
not  less  than,  say,  5  centimetres,  but  much  more  if  possibli^; 
especially  the  two  sides  of  the  zinc  bc^^hich  are  at  right  angles 
to  the  axis  of  the  coil,  should  be  sufficiently  remote  fiom  the 
latter,  as  otherwise  they  might  impair  its  action  and  be  a  source 
of  loss. 

The  coil  consists  of  two  spools  of  hard  rubber,  R  R.  held  apiaft 
at  a  distance  of  10  centimetres  by  bolts,  c,  and  nuts,  n,  likewise  of 
hard  rubber*    Each  spool  comprises  a  tube,  T,  of  approximately 
8  centimetres  inside  diameter  and  3  millimetres  thick,  upcb 
which  are  screwed  two  flanges,  J'.F,  24  centimetres  square,  the 
space   between  the  flanges  being  about  3  centimeties.     The 
secooaary,  8  8j  of  the  best  gutta-percha-covered  wire,  has  26 
layers,  10  turns  in  each,  giving  for  each  half  a  total  of  260  turns* 
The  two  halves  are  wound  oppositely  and  connected  in  series, 
the  connection  between  both  being  made  over  the  primary.    This 
disposition,  besides  being  convenient,  has  the  advantage   that 
when  the  coil  is  well  balanced — ^that  is,  when  both  of  its  terminals, 
2\  2\,  are  connected  to  bodies  or  devices  of  equal  capacity — ^there 
is  not  much  danger  of  breaking  through  to  the  primary,  and  the 
insulalion  between  the  primary  and  the  secondary  need  not  be 
thick.      In    using  the  coil  it  is  advisable  to  attach  to  bath 
terminals  devices  of  nearly  equal  capacity,  as,  when  the  capacity 
of  the  terminals  is  not  equal,  sparks  wOl  be  apt  to  pass  to  the 
primary.    To  avoid  this,  the  middle  point  of  the  secondary  may 
be'eonnected  to  the  primary,  but  this  is  not  always  practicable. 

The  primary,  P  P,  is  wound  in  two  parts,  and  oppositely,  upon 
a  wooden '  spo^I,  IT,  and  the  four  ends  are  led  out  of  the  oil 
tfann^^teid^ruUier  tubes,  1 1.  The  ends  of  the  secondary,  Ti  Ti, 
aro^Alio  ted -out  of  ^the  oil  through  rubber  tubes,  ti^  of  great 
thixdm€Mi.    9he  jj^imaiy  and  secondary  layers  are  insulated  by 
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cotton  cloth,  the  thickness  of  the  insulation,  of  course, 
bearing  some  proportion  to  the  diflference  of  potential  between 
the  turns  of  the  different  layers.  Each  half  of  the  primary 
has  four  layers,  24  turns  in  each,  this  giving  a  total  of 
96  turns.  When  both  th^  {Mtrts  are  connected  in  series, 
this  gives  a  ratio  of  conversion  of  about  1  :  2*7,  and  with  the 
primaries  in  multiple,  1  :  5*4 ;  but  in  operating  with  vefry  rapidly 
alternating  currents  this  ratio  does  not  convey  even  an  approxi- 
mate idea  of  the  ratio  of  the  E«M.F.'8  in  the  primary  and  seccmdaiy 
circuits.  The  coil  is  held  in  position  in  the  oil  on  wooden 
supports,  there  being  about  5  centimetres  thickness  of  oil  all 
around.  Where  the  oil  is  not  specially  needed,  the  space  is  filled 
with  pieces  of  wood,  and  for  this  purpose  principally  the  wooden 
box  J3  surrounding  the  whole  is  used. 

.The  construction  here  shown  is  of  course  not  the  bcist  on 
general  principles,  but  I  believe  it  is  a  good  and  convenient  one 
for  the  production  of  effects  in  which  an  excessive  potential  and 
a  very  small  current  is  needed* 

In  connection  with  the  coil,  I  use  either  the  ordinary  form  of ' 
discharger  or  a  modified  form.    In  the  former  I  have  introduced 
two  changes  which  secure  some  advantages,  and  which  are  obvious. 
If  they  are  mentioned,  it  is  only  in  the  hope  that  some  experi- 
menter may  find  them  of  use. 

One  of  the  changes  is  that  the  adjustable  knobs,  A  and  B 
(Fig.  4),  of  the  discharger  are  held  in  jaws,  J  </,  of  brass  by  spring 
pressure,  this  allowing  to  turn  them  successively  in  different 
positions  and  so  do  away  with  the  tedious  process  of  frequent 
polishing  up. 

The  other  change  consists  in  the  employment  of  a  strong 
electro-magnet,  N  Sy  which  is  placed  with  its  axis  at  right  angles 
to  the  line  joining  the  knobs  A  and  By  and  produces  a  strong 
magnetic  field  between  them.  The  pole-pieoes  of  the  magnet  are 
movable,  and  properly  formed  so  as  to  protrude  between  the  brass 
knobs,  in  order  to  make  the  field  as  intense  as  possible  ;  but  to 
prevent  the  discharge  from  jumping  to  the  magnet,  the  pole-pieces 
are  protected  by  a  layer  of  mica,  M  M,  of  sufficient  thickness. 
6i  8i  and  8^  8i  are  screws  for  fastening  the  wires.    On  each  side  one 
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of  the  screws  is  for  large  and  the  other  for  small  wires.  '  L  L  are 
screws  for  fixing  in  position  the  rods,  R  iJ,  which  support  the 
knobs. 


Ho*  4.— ArrangemiPt  of  ImpfOTed  I>iieluu!ger  and  Ifagnet. 

In  another  arrangement  with  the  magnet  I  take  the  discharge 
between  the  rounded  pole-pieces  themselves,  which  in  such  case 
are  insulated  and  preferably  provided  with  polished  brass  caps. 

The  employment'of  an  intense  magnetic  field  is  of  advantage 
principally  when  the  induction  coil  or  transformer  which  charges 
the  condenser  is  operated  by  currents  of  very  low  firequency.  In 
«ach  a  case  the  number  of  the  fundamental  discharges  between 
the  knobs  may  be  so  small  as  to  render  the  currents  produced  in 
the  secondary  unsuitable  for  many  experiments.  The  intense 
magnetic  field  then  serves  to  blow  out  the  arc  between  the  knobs 
as  soon  as  it  is  formed,  and  the  fundamental  discharges  occur  in 
quicker  succession.  ^ 

Instead  of  the  magnet,  a  draught  or  blast  of  air  may  be 
employed  with  some  advantage.  In  this  case  the  arc  is  preferably 
established  between  the  knobs  A  B^  in  Fig.  2  (the  knobs  a  h 
being  generally  joined,  or  entirely  done  away  with),  as  in  this 
disposition  the  arc  is  long  and  unsteady,  and  is  easily  affected  by 
the  draught. 

When  a  magnet  is  employed  to  break  the  arc,  it  is  better  to 
choose  the  couAection  indicated  schematically  in  Fig.  5,  as  in  this 
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The  other  form  of  discharger  used  in  these  and  similar  experi- 
ments is  indicated  in  Figs.  6  and  7.  It  consists  of  a  number 
of  brass  pieces,  c  c  (Fig.  6),  each  of  which  comprises  a 
spherical  middle  portion,  m,  with  an  extension,  0,  below — ^which 
is  merely  used  to  fasten  the  piece  in  a  lathe  when  polishiiig 
up  the  discharging  surface — and  a  column  above,  which  con- 
sists of  a  knurled  flange,  /,  surmounted  by  a  threaded  stem,  ^ 
carrying  a  nut,  71,  by  means  of  which  a  wire  is  listened  to  the 
column.  The  flange  /  conveniently  serves  for  holding  the  brass 
piece  when  fastening  the  wire,  and  also  for  turning  it  in  any 
position  when  it  becomes  necessary  to  present  a  fresh  discharging 
surface.  Two  stout  strips  of  hard  rubber,  R  12,  with  planed 
grooves,  g  g  (Fig.  7),  to  fit  the  middle  portion  of  thie  pieced  c  c, 
serve  to  damp  the  latter  and  hold  them  firmly  in  position  by 
means  of  two  bolts,  C  C  (of  which  only  one  is  shown),  passing 
through  the  ends  of  the  strips. 

In  the  use  of  this  kind  of  discharger  I  have  found  three 
principal  advantages  over  the  ordinary  form.  Firstly,  the 
dielectric  strength  of  a  given  total  width  of  air  space  is  greater 
when  a  great  i&any  small  air  gaps  are  used  instead  of  one,  which 
permits  of  working  with  a  smaller  length  of  air  gap,  and  that 
means  smaller  loss  and  less  deterioration  of  the  metal ;  secondly, 
by  reason  of  splitting  the  arc  up  into  smaller  arcs,  the  polished 
surfaces  are  made  to  last  much  longer;  and  thirdly,  the  apparatus 
affords  some  gauge  in  the  experiments.  I  usually  set  the  pieces, 
by  putting  between  them  sheets  of  uniform  thickness,  at  a 
certain  very  small  distance  which  is  known  from  the  experi- 
ments of  Sir  William  Thomson  to  require  a  certain  electro-motive 
force  to  be  bridged  by  the  spark.  It  should,  of  course,  be 
remembered  that  the  sparking  distance  is  much  diminished  as 
the  frequency  is  increased.  By  taking  any  number  of  spaces 
the  experimenter  has  a  rough  idea  of  v  the  electro-motive  force, 
and  he  finds  it  also  easier  to  repeat  an  experiment,  as  he  has  not 
the  trouble  of  setting  the  knobs  again  and  again.  With  this 
kind  of  discharger  I  have  been  able  to  maintain  an  oscillating 
motion  without  any  spark  being  visible  with  the  naked  eye 
between  the  knobs,  and  they  would  not  show  a  very  appreciable 
VOL.  XXI.  6  r^        ^ 
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rise  in  temperature.  This  form  of  discharger,  also  lends  itself  to 
many  arrangements  of  condensers  and  circuits  which  are  often 
very  convenient  and  time-saving.  I  have  used  it  preferably  in  a 
disposition  similar  to  that  indicated  in  Fig.  2,  when  the  currents 
forming  the  arc  are  small. 

I  may  here  mention  that  I  have  also  used  dischargers  with 
single  or  multiple  air  gaps,  in  which  the  discharge  surfisbces  were 
rotated  with  great  speed.  No  particular  advantage  was,  however, 
gained  by  this  method,  except  in  cases  where  the  currents  from 
the  condenser  were  large  and  the  keeping  cool  of  the  surfaces 
was  necessary,  and  in  cases  when,  the  discharge  not  being 
oscillating  of  itself,  the  arc  as  soon  as  established  was  broken  by 
the  air  current,  thus  starting  the  vibration  at  intervals  in  rapid 
succession.  I  have  also  used  mechanical  intemiptors  in  many 
ways.  To  avoid  the  difficulties  with  frictional  contacts,  the 
preferred  plan  adopted  was  to  establish  the  arc  and  rotate  through 
it  at  great  speed  a  rim  of  mica  provided  with  many  holes,  and 
fjEistened  to  a  steel  plate.  It  is  understood,  of  course,  that  the 
employment  of  a  magnet,  air  current,  or  other  interruptor, 
produces  no  effect  worth  noticing,  unless  the  self-induction, 
capacity,  and  resistance  are  so  related  that  there  are  oscillations 
set  up  upon  each  interruption. 

I  will  now  endeavour  to  show  you  some  of  the  most  note- 
worthy of  these  discharge  phenomena. 

I  have  stretched  acros?  the  room  two  ordinary  cotton-covered 
wires,  each  about  7  metres  in  length.  They  are  supported  on 
insulating  cords  at  a  distance  of  about  30  centimetres.  I  attach 
now  to  each  of  the  terminals  of  the  coil  one  of  the  wires,  and  set 
the  coil  in  action.  Upon  turning  the  lights  off  in  the  room 
you  see  the  wires  strongly  illuminated  by  the  streams  issuing 
abundantly  from  their  whole  sur&ce  in  spite  of  the  cotton 
covering,  which  may  even  be  very  thick.  When  the  experiment 
is  performed  under  good  conditions,  the  light  from  the  wires  is 
sufficiently  intense  to  allow  distinguishing  the  objects  in  a  room. 
To  produce  the  best  result  it  is,  of  course,  necessary  to  adjust 
carefully  the  capacity  of  the  jars,  the  arc  between  the  knobs, 
and  the  length  of  the  wires.    My  experience  is  that  calculation 
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of  the  length  of  the  wires  leads  in  such  case  to  no  result  what- 
ever. The  experimenter  will  do  best  to  take  the  wires  at  the 
start  vezy  long,  and  then  adjust  by  cutting  off  first  long  pieces, 
and  then  smaller  and  smaller  ones  as  he  approaches  the  right 
length. 

A  convenient  way  is  to  use  an  oil  condenser  of  very  small 
capacity,  consisting  of  two  small  adjustable  metal  plates,  in 
connection  with  this  and  similar  experiments.  In  such  case  I 
take  wires  rather  short,  and  set  at  the  beginning  the  condenser 
plates  at  maximum  distance.  If  the  streams  from  the  wires 
increase  by  approach  of  the  plates,  the  length  of  the  wires  is 
about  right;  if  they  diminish,  the  wires  are  too  long  for  that 
frequency  and  potential.  When  a  condenser  is  used  in  connec- 
tion with  experiments  with  such  a  coil,  it  should  be  an  oil 
condenser  by  all  means,  as  in  using  an  air  condenser  considerable 
energy  might  be  wasted.  The  wires  leading  to  the  plates  in  the 
oil  should  be  very  thin,  heavily  coated  with  some  insulating 
compound,  and  provided  with  a  conducting  covering — this 
preferably  extending  under  the  surface  of  the  oil.  The  con- 
ducting cover  should  not  be  too  near  the  terminals,  or  ends,  of 
the  wire,  as  a  spark  would  be  apt  to  jump  from  the  wire  to  it. 
The  conducting  coating  is  used  to  diminish  the  air  losses,  in 
virtue  of  its  action  as  an  electrostatic  screen.  As  to  the  size  of 
the  vessel  containing  the  oil,  and  the  size  of  the  plates,  the 
experimenter  gains  at  once  an  idea  from  a  rough  trial.  The  size 
of  the  plates  in  oU  is,  however,  calculable,  as  the  dielectric  losses 
are  very  small. 

In  the  preceding  experiment  it  is  of  considerable  interest  to 
know  what  relation  the  quantity  of  the  light  emitted  bears  to 
the  frequency  and  potential  of  the  efectric  impulses.  My  opinion 
is  that  the  heat  as  well  as  light  effects  produced  should  be  pro- 
portionate, under  otherwise  equal  conditions  of  test,  to  the 
product  of  frequency  and  square  of  potential,  but  the  experi- 
mental verification  of  the  law,  whatever  it  may  be^  would  be 
exceedingly  difficult.  One  thing  is  certain,  at  any  rate,  and  that 
is,  that  in  augmenting  the  potential  and  freqaency  we  rapidly 
intensify  the  streams ;  and,  though  it  may  be  very  sanguine,  it  is 
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surely  not  altogether  hopeless  to  exi)ect  that  we  may  succeed  in 
producing  a  practical  illuminant  on  these  lines.  We  would  then 
b.'  simply  using  burners  or  flames,  in  which  there  would  be  no 
clietnical  process,  no  consumption  of  material,  but  merely  a 
ti.msfer  of  energy,  and  which  would  la  all  probability  emit  more 
liglit  and  less  heat  than  ordinary  flames. 

The  luminous  intensity  of  the  streams  is,  of  course,  con- 
sivliM-ably  increased  when  they  are  focused  upon  a  small  surface. 
This  may  be  shown  by  the  following  experiment. 


Fio.  S.-^Effect  produced  by  Concentrating  StreunB. 

I  attach  to  one  of  the  terminals  of  the  coil  a  wire,  w  (Fig.  8), 
bent  in  a  circle  of  about  30  centimetres  in  diameter,  and  to  the 
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other  terminal  I  fasten  a  small  brass  sphere, «;  the  surface  of  the  wire 
being  preferably  equal  to  the  surface  of  the  sphere,  and  the  centre 
of  the  latter  being  in  a  line  at  right  angles  to  the  plane  of  the  wire 
circle  and  passing  through  its  centre.  When  the  discharge  is 
established  under  proper  conditions,  a  luminous  hollow  cone  is 
formed,  and  in  the  dark  one  half  of  the  brass  sphere  is  strongly 
illuminated,  as  shown  in  the  cut. 

By  some  aitifice  or  other  it  is  easy  to  concentrate  the  streams 
upon  small  surfaces  and  to  produce  very  strong  light  effects. 
Two  thin  wires  may  thus  be  rendered  intensely  luminous. 

In  order  to  intensify  the  streams  the  wires  should  be  very 
thin  and  short;  but  as  in  this  case  their  capacity  would  be 
generally  too  small  for  the  coil,  at  least  for  such  a  one  as  the 
present,  it  is  necessary  to  augment  the  capacity  to  the  required 
value,  while,  at  the  same  time,  the  surface  of  the  wires  remains 
very  small.-    This  may  be  done  in  many  ways. 


Fia.  9. — ^Wlres  rei  djred  intensely  Luminous. 
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Here,  for  instance,  I  have  two  plates,  R  jR,  of  hard  rubber 
(Fig  9),  upon  which  I  have  glued  two  very  thin  wires,  te;  tr,  so  as 
to  form  a  name.  The  wires  may  be  bare  or  covered  with  the  best 
insulation — ^it  is  inunaterial  for  the  success  of  the  experiment. 
Well,  insulated  wires,  if  anything,  are  preferable.  On  the  back  of 
each  plate,  indicated  by  the  shaded  portion,  is  a  tinfoil  coating  1 1 
The  plates  are  placed  in  line  at  a  sufficient  distance  to  prevent  a 
spark  passing  from  one  to  the  other  wire.  The  two  tinfoil 
coatings  I  have  joined  by  a  conductor,  (7,  and  the  two  wires  I 
presently  connect  to  the  terminals  of  the  coil.  It  is  now  easy, 
by  varying  the  strength  and  frequency  of  the  currents  through 
the  primary,  to  find  a  point  at  which  the  capacity  of  the  system 
is  best  suited  to  the  conditions,  and  the  wires  become  so  strongly 
luminous  that,  when  the  light  in  the  room  is  turned  off,  the  name 
formed  by  them  appears  in  brilliant  letters. 

It  is  perhaps  preferable  to  perform  this  experiment  with  a  coil 
operated  from  an  alternator  of  high  frequency,  as  then,  owing  to 
the  harmonic  rise  and  &11,  the  streams  are  very  uniform,  though 
they  are  less  abundant  than  when  produced  with  such  a  coil  as 
the  present.  This  experiment,  however,  may  be  performed  with 
low  frequencies,  but  much  less  satisfactorily. 

When  two  wires,  attached  to  the  terminals  of  the  coil,  are  set 
at  the  proper  distance,  the  streams  between  them  may  be  so 
intense  as  to  produce  a  continuous  luminous  sheet.  To  show  this 
phenomenon  I  have  here  two  circles,  C  and  c  (Fig.  of  10),  of  rather 
stout  wire,  one  being  about  80  centimetres  and  the  other  30  centi- 
metres in  diameter.  To  each  of  the  terminals  of  the  coil  I  attach 
one  of  the  circles.  The  supporting  wires  are  so  bent  that  the  circles 
may  be  placed  in  the  same  plane,  coinciding  as  nearly  as  possible. 
When  the  light  in  the  room  is  turned  off  and  the  coil  set  to  work, 
you  see  the  whole  space  between  the  wires  uniformly  filled  with 
streams,  forming  a  luminous  disc,  which  could  be  seen  from  a 
considerable  distance,  such  is  the  intensity  of  the  streams. 
The  outer  circle  could  have  been  much  larger  than  the  present 
one;  in  fact,  with  this  coil  I  have  used  much  larger  circles, 
and  I  have  been  able  to  produce  a  strongly  luminous  sheet, 
covering  an   area  of  more  than   I    square    metre,  which  is   a 
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remarkable  effect  with  this  very  small  coil.  To  avoid  uncertainty, 
the  circle  has  been  taken  smaller,  and  the  area  is  now  about 
0-43  square  metre. 


Fio.  IC-^LominouB  Discs. 

The  frequency  of  the  vibration,  and  the  quickness  of  succession 
of  the  sparks  between  the  knobs,  affect  to  a  marked  degree  the 
appearance  of  the  streams.  When  the  frequency  is  very  low,  the 
air  gives  way  in  more  or  less  the  same  manner,  as  by  a  steady 
difference  of  potential,  and  the  streams  consist  of  distinct  threads, 
generally  mingled  with  thin  sparks,  which  probably  correspond 
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to  the  successive  discharges  occurring  between  the  knobs.  But 
when  the  frequency  is  extremely  high,  and  the  sure  of  the 
discharge  produces  a  very  loud  but  smooth  sound — showing  both 
that  oscillation  takes  place  and  that  the  sparks  succeed  each 
other  with  great  rapidity — then  the  luminous  streams  formed  are 
perfectly  uniform.  To  reach  this  result  very  small  coils  and  jars 
of  small  capacity  should  be  used.  I  take  two  tubes  of  thick 
Bohemian  glass,  about  5  centimetres  in  diameter  and  20  centi- 
metres long.  In  each  of  the  tubes  I  slip  a  primary  of  very  thick 
copper  wire.  On  the  top  of  each  tube  I  wind  a  secondary  of 
much  thinner  gutta-percha-covered  wire.  The  two  secondaries 
I  connect  in  series,  the  primaries  preferably  in  multiple  arc.  The 
tubes  are  then  placed  in  a  large  glass  vessel,  at  a  distance  of  10  to 
15  centimetres  from  each  other,  on  insulating  supports,  and  the 
vessel  is  filled  with  boiled-out  oil,  the  oil  reaching  about  an  inch 
above  the  tubes.  The  free  ends  of  the  secondary  are  lifted  out 
of  the  oil  and  placed  parallel  to  each  other  at  a  distance  of  about 
10  centimetres.  The  ends  which  are  scraped  should  be  dipped 
in  the  oil.  Two  four-pint  jars  joined  in  series  may  be  used  to 
discharge  through  the  primary.  When  the  necessary  adjustments 
in  the  length  and  distance  of  the  wires  above  the  oil  and  in  the 
arc  of  discharge  are  made,  a  luminous  sheet  is  produced  between 
the  wires  which  is  perfectly  smooth  and  teztureless,  like  the 
ordinary  discharge  through  a  moderately  exhausted  tube. 

I  have  purposely  dwelt  upon  this  apparently  insignificant 
experiment.  In  trials  of  this  kind  the  experimenter  arrives  at 
the  startling  conclusion  that,  to  pass  ordinary  luminous  discharges 
through  gases,  no  particular  degree  of  exhaustion  is  needed,  but 
that  the  gas  may  be  at  ordinary  or  even  greater  pressure.  To 
accomplish  this,  a  very  high  frequency  is  essential;  a  high 
potential  is  likewise  required,  but  this  is  a  merely  incidental 
necessity.  These  experiments  teach  us  that,  in  endeavouring  to 
discover  novel  methods  of  producing  light  by  the  agitation  of 
atoms,  or  molecules,  of  a  gas,  we  need  not  limit  our  research  to 
the  vacuum  tube,  but  may  look  forward  quite  seriously  to  the 
possibility  of  obtaining  the  light  effects  without  the  use  of  any 
vessel  whatever,  with  air  at  ordinary  pressure. 
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Such  discharges  of  very  high  frequency,  which  render 
luminous  the  air  at  ordinary  pressures,  we  have  probably  often 
occasion  to  witness  in  Nature.  I  have  no  doubt  that  if — ^as  many 
believe — ^the  Av/rora  borealie  is  produced  by  sudden  cosmic 
disturbances,  such  as  eruptions  at  the  sun's  surface,  which  set 
the  electrostatic  charge  of  the  earth  in  an  extremely  rapid  vibra^ 
tion,  the  red  glow  observed  is  not  confined  to  the  upper  rarefied 
strata  of  the  air,  but  the  discharge  traverses,  by  reason  of  its 
very  high  firequency,  also  the  dense  atmosphere  in  the  form  of 
a  glow^  such  as  we  ordinarily  produce  in  a  slightly  exhausted 
tube.  If  the  frequency  were  very  low,  or  even  more  so,  if  the 
charge  were  not  at  all  vibrating,  the  dense  air  would  break  down 
as  in  a  lightning  discharge.  Indications  of  such  breaking  down 
of  the  lower  dense  strata  of  the  air  have  been  repeatedly 
observed  at  the  occurrence  of  this  marvellous  phenomenon ;  but 
if  it  does  occur,  it  can  only  be  attributed  to  the  fundamental 
disturbances,  which  are  few  in  number,  for  the  vibration  pro- 
duced by  them  would  be  far  too  rapid  to  allow  a  disruptive 
break.  It  is  the  original  and  irregular  impulses  which  affect 
the  instruments;  the  superimposed  vibrations  probably  pass 
unnoticed. 

When  an  ordinary  low-firequency  discharge  is  passed  through 
moderately  rarefied  air,  the  air  assumes  a  purplish  hue.  If  by 
some  means  or  other  we  increase  the  intensity  of  the  molecular, 
or  atomic,  vibration,  the  gas  changes  to  a  white  colour.  A 
similar  change  occurs  at  ordinary  pressures  with  electric  im- 
pulses of  very  high  frequency.  If  the  molecules  of  the  air 
around  a  wire  are  moderately  agitated,  the  brush  formed  is 
reddish  or  violet ;  if  the  vibration  is  rendered  sufficiently  intense, 
the  streams  become  white.  We  may  accomplish  this  in  various 
ways.  In  the  experiment  before  shown  with  the  two  wires 
across  the  room,  I  have  endeavoured  to  secure  the  result  by 
pushing  to  a  high  value  both  the  frequency  and  potential;  in 
the  experiment  with  the  thin  wires  glued  on  the  rubber  plate, 
I  have  concentrated  the  action  upon  a  very  small  surface — in 
other  words,  I  have  worked  with  a  great  electric  density. 

A  most  curious  form  of  discharge   is   observed   with    such 
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a  coil^  when  the  frequency  and  potential  are  pushed  to  the 
extreme  limit*  To  perform  the  experiment,  every  part 
of  the  coil  should  be  heavily  insulated,  and  only  two  small 
spheres  —  or,  better  still,  two  sharp-edged  metal  discs  (drf, 
Ficr.    11)   of  no   more  than  a   few   centimetres    in   diameter— 


Fio.  XI. — Phantom  Streams. 

should  be  exposed  to  the  air.  The  coil  here  used  is  immersed 
in  oil,  and  the  ends  of  the  secondary  reaching  out  of  the 
oil  are  covered  with  an  air-tight  cover  of  hard  rubber  of  great 
thickness.  All  cracks,  if  there  are  any,  should  be  carefully 
stopped  up,  so  that  the  brush  discharge  cannot  form  anywhere 
except  on  the  small  spheres  or  plates  which  are  exposed  to  the 
air.  In  this  case,  since  there  are  no  large  plates  or  other 
bodies  of  capacity  attached  to  the  terminals,  the  coil  is  capable 
of  an  extremely  rapid  vibration.  The  potential  may  be  raised 
by  increasing,  as  far  as  the  experimenter  judges  proper,  the  rate 
of  change  of  the  primary   current.      With    a  coil  not    widely 
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differing  from  the  present,  it  is  best  to  connect  the  two  primaries 
in  multiple  arc ;  but  if  the  secondary  should  have  a  much  greater 
namber  of  turns,  the  primaries  should  preferably  be  U9ed  in  series, 
as  otherwise  the  vibration  might  be  too  fiskst  for  the  secondary. 
It  occurs  under  these  conditions  that  misty  white  streams 
break  forth  from  the  edges  of  the  discs  and  spread  out  phantom- 
like into  space.  With  this  coil,  when  fairly  well  produced,  they 
are  about  25  to  30  centimetres  long.  When  the  hand  is  held 
against  them,  no  sensation  is  produced,  and  a  spark,  causing  a 
shock,  jumps  from  the  terminal  only  upon  the  hand  being 
brought  much  nearer.  If  the  oscillation  of  the  primary  current 
is  rendered  intermittent  by  some  means  or  other,  there  is  a 
corresponding  throbbing  of  the  streams,  and  now  the  hand  or 
other  conducting  object  may  be  brought  in  still  greater  proximity 
to  the  terminal  without  a  spark  being  caused  to  jump. 

Among  the  many  beautiful  phenomena  which  may  be  pro- 
duced with  such  a  coil,  I  have  here  selected  only  those  which 
appear  to  possess  some  features  of  novelty,  and  lead  us  to  some 
conclusions  of  interest.  One  will  not  find  it  at  all  difficult  to 
produce  in  the  laboratory,  by  means  of  it,  many  pther  phenomena 
which  appeal  to  the  eye  even  more  than  these  here  shown,  but 
present  no  particular  feature  of  novelty. 

Early  experimenters  describe  the  display  of  sparks  produced 
by  an  ordinary  large  induction  coil  upon  an  insulating  plate 
separating  the  terminals.  Quite  recently  Siemens  performed 
some  experiments  in  which  fine  eflfects  were  obtained,  which 
were  seen  by  many  with  interest.  No  doubt  large  coils,  even  if 
operated  with  currents  of  low  frequencies,  are  capable  of  pro- 
ducing beautiful  effects.  But  the  largest  coil  ever  made  could 
not,  by  far,  equal  the  magnificent  display  of  streams  and  sparks 
obtained  from  such  a  disruptive  discharge  coil  when  properly 
adjusted.  To  give  an  idea,  a  coil  such  as  the  present  one  will 
cover  easily  a  plate  of  1  metre  in  diameter  completely  with 
the  streams.  The  best  way  to  perform  such  experiments  is  to 
take  a  very  thin  rubber  or  a  glass  plate  and  glue  on  one  side 
of  it  a  narrow  ring  of  tinfoil  of  very  large  diameter,  and  on  the 
other  a  circular  washer,  the  centre  of  the  latter  coinciding  with 
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that  of  the  ring,  and  the  surfiices  of  both  being  preferably  equal, 
80  as  to  keep  the  coil  well  balanced.  The  washer  and  ring  should 
be  connected  to  the  terminals  by  heavily  insulated  thin  wires. 
It  is  easy  in  observing  the  effect  of  the  capacity  to  produce  a 
sheet  of  uniform  streams,  or  a  fine  network  of  thin  silvery 
threads,  or  a  mass  of  loud  brilliant  sparks,  which  cover  completely 
the  plate. 

Since  I  have  advanced  the  idea  of  the  conversion  by  means 
of  the  disruptive  discharge,  in  my  paper  before  the  American 
Institute  of  Electrical  Engineers  at  the  beginning  of  the  past 
year,  the  interest  excited  in  it  has  been  considerable.  It  affords 
us  a  means  for  producing  any  potentials  by  the  aid  of  inex- 
pensive coils  operated  from  ordinary  systems  of  distribution,  and 
— what  is  perhaps  more  appreciated — it  enables  us  to  convert 
currents  of  any  frequency  into  currents  of  any  other  lower  or 
higher  frequency.  But  its  chief  value  will  perhaps  be  found 
in  the  help  which  it  will  afford  us  in  the  investigations  of  the 
phenomena  of  phosphorescence,  which  a  disruptive  discharge 
coil  is  capable  of  exciting  in  innumerable  cases  where  ordinary 
coils,  even  the  largest,  would  utterly  fail. 

Considering  its  probable  uses  for  many  practical  purposes,  and 
its  possible  introduction  into  laboratories  for  scientific  research, 
a  few  additional  remarks  as  to  the  construction  of  such  a  coil 
will  perhaps  not  be  found  superfluous. 

It  is,  of  course,  absolutely  necessary  to  employ  in  such  a  coil 
wires  provided  with  the  best  insulation. 

Q-ood  coils  may  be  produced  by  employing  wires  covered  with 
several  layers  of  cotton,  boiling  the  coil  a  long  time  in  pure  wax, 
and  cooling  under  moderate  pressure.  The  advantage  of  such  a 
ooil  is  that  it  can  be  easily  handled,  but  it  cannot  probably  give 
as  satisfiBtctory  results  as  a  coil  immersed  in  pure  oil.  Besides,  it 
seems  that  the  presence  of  a  large  body  of  wax  affects  the  coil 
disadvantageously,  whereas  this  does  not  seem  to  be  the  ease  with 
oil.  Perhaps  it  is  because  the  dielectric  losses  in  the  liquid  are 
smaller. 

I  have  tried  at  first  silk-  and  cotton-covered  wires  with  oil 
immersion,  but  I  have  been  gradually  led  to  use  gutta-percha- 
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covered  wires,  which  proved  most  satisfiEtctory.  Gutta-percha 
insulation  adds,  of  course,  to  the  capacity  of  the  coil,  and  this, 
especially  if  the  coil  be  large,  is  a  great  disadvantage  when  extreme 
frequencies  are  desired ;  but,  on  the  other  hand,  gutta-percha  will 
withstand  much  more  than  an  equal  thickness  of  oil,  and  this 
advantage  should  be  secured  at  any  price.  Once  the  coil  has  been 
immersed,  it  should  never  be  taken  out  of  the  oil  for  more  than 
a  few  hours,  else  the  guttarpercha  will  crack  up  and  the  coil 
will  not  be  worth  half  as  much  as  before.  Guttarpercha  is 
probably  slowly  attacked  by  the  oil,  but  after  an  inmiersion  of 
eight  to  nine  months  I  have  found  no  ill  effects. 

I  have  obtained  in  commerce  two  kinds  of  guttarpercha 
wire :  in  one  the  insulation  sticks  tightly  to  the  metal,  in  the 
other  it  does  not.  Unless  a  special  method  is  followed  to  expel 
all  air,  it  is  much  safer  to  use  the  first  kind.  I  wind  the  coil 
within  an  oil  tank  so  that  all  interstices  are  filled  up  with  the 
oil.  Between  the  layers  I  use  doth  boiled  out  thoroughly  in 
oil,  calculating  the  thickness  according  to  the  difference  of 
potential  between  the  turns.  There  seems  not  to  be  a  very  great 
difference  whatever  kind  of  oil  is  used ;  I  use  paraffm  or  linseed  oil. 

To  exclude  more  perfectly  the  air,  an  excellent  way  to  proceed, 
and  easily  practicable  with  small  coils,  is  the  following  :-r>Con8truct 
a  box  of  hard  wood  of  very  thick  boards  which  have  been  for  along 
time  boiled  in  oil.  The  boards  should  be  so  joined  as  to  safely 
withstand  the  external  air  pressure.  The  coil  being  placed  and 
fastened  in  position  within  the  bpx,  the  latter  is  closed  with  a 
strong  lid,  and  covered  with  closely  fitting  metal  sheet,  the  joints 
of  which  are  soldered  very  carefully.  On  the  top  two  small  holes 
are  drilled,  passing  through  the  metal  sheet  and  the  wood,  and  in 
these  holes  two  small  glass  tubes  are  inserted  and  the  joints  made 
air-tight.  One  of  the  tubes  is  connected  to  a  vacuum  pump,  and 
the  other  with  a  vessel  containing  a  sufficient  quantity  of  boiled- 
out  oiL  The  latter  tube  has  a  very  small  hole  at  the  bottom,  and 
is  provided  with  a  stop-cock.  When  a  fairly  good  vacuum  has 
been  obtained,  the  stop-cock  is  opened  and  the  oil  slowly  fed  in. 
Proceeding  in  this  manner,  it  is  impossible  that  any  big  bubbles, 
which  are  the  principal  danger,  should  remain  between  the  turns. 
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The  air  is  most  completely  excladed,  probably  better  than  by 
boiling  out,  which,  however,  when  gutta-percha-coated  wires  are 
used,  is  not'praeticaUe. 

For  the  prifnaries  I  use  ordinary  line  wire  with  a  thick  cotton 
coating.  Strands  of  very  thin  insulated  wires  properly  interlaced 
would,  of  course,  be  the  best  to  employ  for  the  primaries,  but 
they  are  not  to  be  had. 

In  an  experimental  coil  the  size  of  the  wires  is  not  of  great 
importance.  In  the  coil  here  used  the  primary  is  No.  12,  and 
the  secondary  No.  24  Brown  and  Sharpe  W.G.  wire;  but  the 
sections  may  be  varied  considerably:  it  would  only  imply  different 
adjustments,  the  results  aimed  at  would  not  be  materially 
affected. 

I  have  dwelt  at  some  length  upon  the  various  forms  of  brush 
discharge  because,  in  studying  them,  we  not  only  observe  pheno- 
mena which  please  our  eye,  but  also  afford  us  food  for  thought, 
and  lead  us  to  conclusions  of  practical  importance.  In  the  use  of 
alternating  currents  of  very  high  tension,  not  too  much  precaution 
can  be  taken  to  prevent  the  brush  discharge.  In  a  main  convey- 
ing such  currents^  in  an  induction  coil  or  transformer,  or  in  a 
condenser,  the  brush  discharge  is  a  source  of  great  danger  to  the 
insulation.  In  a  condenser  especially  the  gaseous  matter  must  be 
most  carefully  expelled,  for  in  it  the  charged  surfaces  are  near 
each  other,  and  if  the  potentials  are  high,  just  as  sure  as  a  weight 
will  taHl  if  let  go,  so  the  insulation  will  give  way  if  a  single  gaseous 
bubble  of  some  size  be  present,  whereas,  if  all  gaseous  matter  were 
carefully  excluded,  the  condenser  would  safely  withstand  a  much 
higher  difference  of  potential.  A  main  conveying  alternating 
currents  of  very  high  tension  may  be  injured  merely  by  a  blow- 
hole or  small  crack  in  the  insulation,  the  more  so  as  a  blow-hole 
is  apt  to  contain  gas  at  low  pressure ;  and  as  it  appears  almost 
impossible  to  completely  obviate  such  little  imperfections,  I  am 
led  to  believe  that  in  our  future  distributions  of  electrical  energy 
by  currents  of  very  high  tension,  liquid  insulation  will  be  used* 
The  cost  is  a  great  drawback,  but  if  we  employ  an  oil  as  an 
insulator,  the  distributions  of  electrical  energy  with  something 
like  100,000  volts,  and  even  more,  become,  at  least  with  higher 
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frequencies,  so  easy  that  the^r  could  be  hardly  called  engineering 
feats.  With  oil  insulation  and  alternate-current  motors  trans- 
missions of  power  can  be  effected  with  safety,  and  upon  an 
industrial  basis,  at  distances  of  as  much  as  a  thousand  miles. 

A  peculiar  property  of  oils,  and  liquid  insulation  in  general, 
when  subjected  to  rapidly  changing  electric  stresses,  is  to  disperse 
any  gaseous  bubbles  which  may  be  present,  and  diffuse  them 
through  its  mass,  generally  long  before  any  injurious  break  can 
occur.  This  feature  may  be  easily  observed  with  an  ordinary 
induction  coil  by  taking  the  primary  out,  plugging  up  the  end  of 
the  tube  upon  which  the  secondary  is  wound,  and  filling  it  with 
some  fairly  transparent  insulator,  such  as  paraflSn  oil.  A  primary 
of  a  diameter  something  like  6  mm.  smaller  than  the  inside  of  the 
tube  may  be  insertel  in  the  oil.  When  the  coil  is  set  to  work, 
one  may  see,  looking  from  the  top  through  the  oil,  many  luminous 
points — air  bubbles  which  are  caught  by  inserting  the  primary, 
and  which  are  rendered  luminous  in  consequence*of  the  violent 
bombardment.  The  occluded  air,  by  its  impact  against  the  oil, 
heats  it ;  the  oil  begins  to  circulate,  carrying  some  of  the  air  along 
with  it,  until  the  bubbles  are  dispersed  and  the  luminous  points 
disappear.  In  this  manner,  unless  large  bubbles  are  occluded  in 
such  way  that  circulation  is  rendered  impossible,  a  damaging 
break  is  averted,  the  only  effect  being  a  moderate  warming  up 
of  the  oil.  If,  instead  of  the  liquid,  a  solid  insulation,  no  matter 
how  thick,  were  used,  a  breaking  through  and  injury  of  the 
apparatus  would  be  inevitable. 

The  exclusion  of  gaseous  matter  from  any  apparatus  in 
which  the  dielectric  is  subjected  to  more  or  less  rapidly  changing 
electric  forces  is,  however,  not  only  desirable  in  order  to  avoid  a 
possible  injury  of  the  apparatus,  but  also  on  account  of  economy. 
In  a  condenser,  for  instance,  as  long  as  only  a  solid  or  only  a 
liquid  dielectric  is  used,  the  loss  is  small ;  but  if  a  gas  under 
ordinary  or  small  pressure  be  present  the  loss  may  be  very  great. 
Whatever  the  nature  of  the  force  acting  in  the  dielectric  may  be, 
it  seems  that  in  a  solid  or  liquid  the  molecular  displacement 
produced  by  the  force  is  small :  hence  the  product  of  force  and 
displacement  is  insignificant,  unless  the  force  be  very  great ;  but 
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in  a  gas  the  displacement^  and  therefore  this  product,  is  con- 
siderable :  the  molecules  are  free  to  move,  they  reach  high  speeds, 
and  the  energy  of  their  impact  is  lost  in  heat  or  otherwise.  If 
the  gas  be  strongly  compressed,  the  displacement  due  to  the  force 
is  made  smaller,  and  the  losses  are  reduced. 

In  most  of  the  succeeding  experiments  I  prefer,  chiefly  on 
account  of  the  regular  and  positive  action,  to  employ  the  alter- 
nator before  referred  to.  This  is  one  of  the  several  machines, 
constructed  by  me  for  the  purposes  of  these  investigations.  It 
has  384  pole  projections,  and  is  capable  of  giving  currents  of  a 
frequency  of  about  10,000  per  second.  This  machine  has  been 
illustrated  and  briefly  described  in  my  first  paper  before  the 
American  Institute  of  Electrical  Engineers,  May  20th,  1891, 
to  which  I  have  already  referred.  A  more  detailed  descriptioD, 
sufficient  to  enable  any  engineer  to  build  a  similar  machine,  will 
be  found  in  several  electrical  journals  of  that  period. 

The  induction  coils  operated  from  the  machine  are  rather 
small,  containing  from  5,000  to  15,000  turns  in  the  secondary. 
They  are  immersed  in  boiled-out  linseed  oil,  contained  in  wooden 
boxes  covered  with  zinc  sheet. 

I  have  found  it  advantageous  to  reverse  the  usual  position 
of  the  wires,  and  to  wind,  in  these  coils,  the  primaries  on  the 
top ;  this  allowing  the  use  of  a  much  bigger  primary,  which,  of 
course,  reduces  the  danger  of  overheating,  and  increases  the 
output  of  the  coil.  I  make  the  primary  on  each  side  at  least 
1  centimetre  shorter  than  the  secondary,  to  prevent  the 
breaking  through  on  the  ends,  which  would  surely  occur  unless 
the  insulation  on  the  top  of  the  secondary  be  very  thick,  and 
this,  of  course,  would  be  disadvantageous. 

When  the  primary  is  made  movable,  which  is  necessary  in 
some  experiments,  and  many  times  convenient  for  the  purposes 
of  adjustment,  I  cover  the  secondary  with  wax,  and  turn  it  off 
in  a  lathe  to  a  diameter  slightly  smaller  than  the  inside  of  the 
primary  coil.  The  latter  I  provide  with  a  handle  reaching  out 
of  the  oil,  which  serves  to  shift  it  in  any  position  along  the 
secondary. 

I  will  now  venture  to  make,  in  regard  to  the  general  manipu- 
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lation  of  induction  coils,  a  few  observations  bearing  upon  points 
which  have  not  been  fiilly  appreciated  in  earlier  experiments 
with  snch  coils,  and  are  even  now  often  overlooked. 

The  secondary  of  the  coil  possesses  usually  such  a  high 
self-induction  that  the  current  through  the  wire  is  inappreciable, 
and  may  be  so  even  when  the  terminals  are  joined  by  a  con- 
ductor of  small  resistance.  If  capacity  is  added  to  the  terminak, 
the  self-induction  is  counteracted,  and  a  stronger  current  is 
made  to  flow  through  the  secondary,  though  its  terminals  are 
insulated  from  each  other.  To  one  entirely  unacquainted  with 
the  properties  of  alternating  curren£s  nothing  will  look  more 
pnzzling.  This  feature  was  illustrated  in  the  experiment  per- 
formed at  the  beginning  with  the  top  plates  of  wire  gauze 
attached  to  the  terminals  and  the  rubber  plate.  When  the 
plates  of  wire  gauze  were  dose  together,  and  a  small  arc  passed  '. 
between  them,  the  arc  prevented  a  strong  current  to  pass  through 
the  secondary,  because  it  did  away  with  the  capacity  on  the 
terminals;  when  the  rubber  plate  was  inserted  between,  the 
capacity  of  the  condenser  formed  counteracted  the  self-induo- 
'  tion  of  the  secondary,  a  stronger  current  passed  now,  the  coil 
performed  more  work,  and  the  discharge  was>  by  &r  more 
powerful. 

The  first  thing,  then,  in  operating  the  induction  coil  is  to 
combine  capacity  with  the  secondary,  to  overcome  the  self-induc- 
tion. If  the  frequencies  and  potentials  are  very  high,  gaseous  : 
matter  should  be  careftdly  kept  away  from  the  charged  sur&ces. 
If  Leyden  jars  are  used,  they  should  be  immersed  in  oil,  as 
otherwise  considerable  dissipation  may  occur  if  the  jars  are 
greatly  strained.  When  high  frequencies  are  used,  it  is  of  equal 
importance  to  combine  a  condenser  with  the  primary.  One  may 
use  a  condenser  connected  to  the  ends  of  the  primary  or  to  the 
terminals  of  the  alternator,  but  the  latter  is  not  to  be  recom- 
mended, as  the  machine  might  be  injured.  The  best  way  is, 
undoubtedly,  to  use  the  condenser  in  series  with  the  primary 
and  with  the  alternator,  and  to  adjust  its  capacity  so  as  to  annul 
the  self-induction  of  both  the  latter.  The  condenser  should  be 
adjustable   by  very    small  steps,    and  for  a  finer    adjustment 

VOL.  XXI.  7 

Digitized  byVjOOQlC 


64  EXPBRIMBNT8  WITH  ALTERNATE  CURRENTS     [Feb.  8rd, 

a    small    oil    condenser   with    movable    plates    may  be    used 
conveniently. 

I  think  it  best  at  this  juncture  to  bring  before  you  a  phe- 
nomenon, observed  by  me  some  time  ago,  which  to  the  purely 
scientific  investigator  may  perhaps  appear  more  interesting  than 
any  of  the  results  which  I  have  the  privilege  to  present  to  yoa 
this  evening. 


Fio.  12.  Fio.  18. 

Bulbs  for  producing  Rotating  Brush. 

It  may  be  quite  properly  ranked  among  the  brush  phenomena 
— ^in  fact,  it  is  a  brush,  formed  at,  or  near,  a  single  terminal  in 
high  vacuum. 

In  bulbs  provided  with  a  conducting  terminal,  though  it  be  of 
aluminium,  the  brush  has  but  an  ephemeral  existence,  and  cannot, 
unfortunately,  be  indefinitely  preserved  in  its  most  sensitive 
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stilie,  even  in  a  bulb  devoid  of  any  conducting  electrode.  In 
studying  the  phenomenon,  by  all  means  a  bulb  having  no 
leading-in  wire  should  be  used.  I  have  found  it  best  to  use 
bulbs  constructed  as  indicated  in  Figs.  12  and  13. 

In  Fig.  12  the  bulb  comprises  an  incandescent  lamp  globe,  Lj 
in  the  neck  of  which  is  sealed  a  barometer  tube,  6,  the  end  of 
which  is  blown  out  to  form  a  small  sphere,  8.  This  sphere  should 
be  sealed  as  closely  as  possible  in  the  centre  of  the  large  globe. 
Before  sealing,  a  thin  tube,  ty  of  aluminium  sheet  may  be  slipped 
in  the  barometer  tube,  but  it  is  not  important  to  employ  it. 

The  small  hollow  sphere  a  is  filled  with  some  conducting 
powder,  and  a  wire,  Wj  is  cemented  in  the  neck  for  the  purpose 
of  eonnecting  the  conducting  powder  with  the  generator. 

The  construction  shown  in  Fig.  13  was  chosen  in  order  to 
r^nove  from  the  brush  any  conducting  body  which  might  pos- 
sibly affect  it.  The  bulb  consists  in  this  case  of  a  lamp  globe,  £, 
which  has  a  neck,  n,  provided  with  a  tube,  6,  and  small  sphere, 
By  sealed  to  it,  so  that  two  entirely  independent  compartments 
are  formed,  as  indicated  in  the  drawing.  When  the  bulb  is  in 
use,  the  neck  n  is  provided  with  a  tinfoil  coating,  which  is 
connected  to  the  generator,  and  acts  inductively  upon  the  mode- 
rately rarefied  and  highly  conducting  gas  enclosed  in  the  neck. 
From  there  the  current  passes  through  the  tube  6  into  the 
small  sphere  a,  to  act  by  induction  upon  the  gas  contained 
in  the  globe  L. 

It  is  of  advantage  to  make  the  tube  t  very  thick,  the  hole 
through  it  very  small,  and  to  blow  the  sphere  8  very  thin. 
It  is  of  the  greatest  importance  that  the  sphere  8  be  placed 
in  the  centre  of  the  globe  L. 

Figs.  14,  16,  and  16  indicate  different  forms,  or  stages,  of 
the  brush.  Fig.  14  shows  the  brush  as  it  first  appears  in  a  bulb 
provided  with  a  conducting  terminal;  but,  as  in  such  a  bulb 
it  very  soon  di8api>ear8 — often  after  a  few  minutes — I  will  confine 
myself  to  the  description  of  the  phenomenon  as  seen  in  a  bulb 
without  conducting  electrode.  It  is  observed  under  the  following 
conditions : — 

When    the    globe  L    (Figs.    12    and  13)    is  exhausted  to 
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a  very  high  degree,  generally  the  bulb  is  not  excited  upon 
connecting  the  wire  w  (Fig.  12)  or  the  tinfoil  coating  of  the 
bulb  (Fig.  13)  to  the  terminal  of  the  induction  coil.  To  excite 
ity  it  is  usually  sufficient  to  grasp  the  globe  L  with  the  hand. 
An  intense  phosphorescence  then  spreads  at  first  over  the  globe, 
hut  soon  gives  place  to  a  white,  misty  light.  Shortly  after- 
wards one  may  notice  that  the  luminosity  is  unevenly  distributed 
in  the  globe,  and  after  passing  the  current  for  some  time  the 
bulb  appears  as  in  Fig.  15.  From  this  stage  the  phenomenon 
will  gradually  pass  to  that  indicated  in  Fig.  16,  after  some 
minutes,  hours,  days,  or  weeks,  according  how  the  bulb  is  worked. 
Warming  the  bulb  or  increasing  the  potential  hastens  the  transit. 

When  the  brush  assumes  the  form  indicated  in  Fig.  16,  it 
may  be  brought  to  a  state  of  extreme  sensitiveness  to  electro- 
static and  mai^etic  influence.  The  bulb  hanging  straight  down 
from  a  wire,  and  all  objects  being  remote  from  it,  the  approach 
of  the  observer  at  a  few  paces  from  the  bulb  will  cause  the 
brush  to  fly  to  the  opposite  side,  and  if  he  walks  around  the  bulb 
it  will  always  keep  on  the  opposite  side.  It  may  begin  to  8pin< 
around  the  terminal  long  before  it  reaches  that  sensitive  stage. 
When  it  begins  to  turn  around  principally,  but  also  before,  it 
is  affected  by  a  magnet,  and  at  a  certain  stage  it  is  susceptible 
to  magnetic  influence  to  an  astonishing  degree.  A  small  per- 
manent magnet,  with  its  poles  at  a  distance  of  no  more  than 
2  centimetres,  will  affect  it  visibly  at  a  distance  of  2  metres, 
slowing  down  or  accelerating  the  rotation  according  to  how  it 
is  held  relatively  to  the  brush*  I  think  I  have  observed  that 
at  the  stage  when  it  is  most  sensitive  to  magnetic,  it  is  not 
most  sensitive  to  electrostatic  influence.  My  explanation  is, 
that  the  electrostatic  attraction  between  the  brush  and  the  glass 
of  the  bulb,  which  retards  the  rotation,  grows  much  quicker 
than  the  magnetic  influence  when  the  intensity  of  the  stream 
is  increased. 

When  the  bulb  hangs  with  the  globe  L  down,  the  rotation 
is  always  clockwise.  In  the  Southern  Hemisphere  it  would  occur 
in  the  opposite  direction,  and  on  the  Equator  the  brush  should 
not  turn  at  all.    The  rotation  may  be  reversed  by  a  magnet  kept 
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at  some  distance.  The  brash  rotates,  seemingly,  best  when  it  is 
at  right  angles  to  the  lines  of  force  of  the  earth.  It  very  likely 
rotates,  when  at  its  maximum  speed,  in  synchronism  with  the 
alternations,  say  10,000  times  a  second.  The  rotation  can  be 
slowed  down  or  accelerated  by  the  approach  or  receding  of  the 
observer,  or  any  conducting  body,  but  it  cannot  be  reversed  by 
putting  the  bulb  in  any  position.  When  it  is  in  the  state  of  the 
highest  sensitiveness,  and  the  potential  or  frequency  be  varied^ 
the  sensitiveness  is  rapidly  diminished.  Changing  either  of  these 
but  little  will  generally  stop  the  rotation.  The  sensitiveness  is 
likewise  affected  by  the  variations  of  temperature.  To  attain 
great  sensitiveness  it  is  necessary  to  have  the  small  sphere  a  in 
the  centre  of  the  globe  X,  as  otherwise  the  electrostatic  action 
of  the  glass  of  the  globe  will  tend  to  stop  the  rotation.  The 
sphere  s  should  be  small  and  of  uniform  thickness:  any  dis* 
symmetry  of  course  has  the  effect  to  diminish  the  sensitiveness. 

The  &ct  that  the  brush  rotates  in  a  definite  direction  in  a 
permanent  magnetic  field  seems  to  show  that  in  alternating 
currents  of  very  high  frequency  the  positive  and  negative  im* 
pulses  are  not  equal,  but  that  one  always  preponderates  over 
the  other. 

Of  course,  this  rotation  in  one  direction  may  be  due  to  the 
action  of  two  elements  of  the  same  current  upon  each  other,  or 
to  the  action  of  the  field  produced  by  one  of  the  elements  upon 
the  other,  as  in  a  series  motor,  without  necessarily  one  impulse 
being  stronger  than  the  other.  The  fetct  that  the  brush  turns, 
as  &r  as  I  could  observe,  in  any.  position,  would  speak  for  this 
view.  In  such  case  it  would  turn  at  any  point  of  the  earth's 
sur&ce.  But,  on  the  other  hand,  it  is  then  hard  to  explain  why 
a  permanent  magnet  should  reverse  the  rotation,  and  one  must 
assume  the  preponderation  of  impulses  of  one  kind. 

As  to  the  causes  of  the  formation  of  the  brush  or  stream, 
I  think  it  is  due  to  the  electrostatic  action  of  the  globe  and  the 
dissymmetry  of  the  parts.  If  the  small  bulb  8  and  the  globe  £ 
were  perfect  concentric  spheres,  and  the  glass  throughout  of  the 
same  thickness  and  quality,  I  think  the  brush  would  not  form,  as 
the  tendency  to  pass  would  be  equal  on  all  sides.     That  the 
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fiumation  of  the  stream  is  due  to  an  irregularity  is  apparent  firom 
ihe  £ut  that  it  has  the  tendency  to  remain  in  one  position,  and 
rotation  ooours  most  generally  only  when  it  is  bronght  oat  of  this 
position  by  electrostatie  or  magnetic  inflnence.  When  in  an 
extremely  sensitive  state  it  rests  in  one  position,  most  coiioas 
experiments  may  be  performed  with  it.  For  instance,  the  experi- 
menter may,  by  selecting  a  proper  position,  approach  the  hand  at 
a  certain  considerable  distance  to  the  bolb,  and  he  may  cause  the 
hrush  to  pass  off  by  merely  stiffening  the  muscles  of  the  arm. 
When  it  begins  to  rotate  slowly,  and  the  hands  are  held  at  a 
proper  distance,  it  is  impossible  to  make  even  the  slightest  motion 
without  producing  a  visible  effect  upon  the  brush*  A  metal  plate 
ccmnected  to  the  other  terminal  of  the  coil  affects  it  at  great 
distance,  slowing  down  the  rotation  often  to  one  turn  a  second. 

I  am  firmly  convinced  that  such  a  brush,  when  we  learn  how 
to  produce  it  properly,  will  prove  a  valuable  aid  in  the  investiga* 
tion  of  the  nature  of  the  forces  acting  in  an  electrostatic  or 
magnetic  field.  If  there  is  any  motion  which  is  measurable 
going  on  in  the  space,  such  a  brush  ought  to  reveal  it.  It  is^  so 
to  speak,  a  beam  of  light,  Motionless,  devoid  of  inertia. 

I  think  that  it  may  find  practical  applications  in  telegraphy. 
With  such  a  brush  it  would  be  possible  to  send  despatches  across 
the  Atalantic,  for  instance,  with  any  speed,  since  its  sensitiveness 
may  be  so  great  that  the  slightest  changes  will  affect  it.  If  it 
were  possible  to  make  the  stream  more  intense  and  very  narrow, 
its  deflections  could  be  easily  photographed. 

I  have  been  interested  to  find  whether  there  is  a  rotation  of 
the  stream  itself^  or  whether  there  is  simply  a  stress  traveUing 
around  in  the  bulb.  For  this  purpose  I  mounted  a  light  mica 
fiui  so  that  its  vanes  were  in  the  path  of  the  brush.  If  the  stream 
itself  was  rotating,  the  fan  would  be  spun  around.  I  could 
produce  no  distinct  rotation  of  the  fim,  although  I  tried  the 
experiment  repeatedly  ;  but  as  the  fiin  exerted  a  noticeable 
influence  on  the  stream,  and  the  apparent  rotation  of  the  latter 
was  in  this  case  never  quite  satisfactory,  the  experiment  did  not 
appear  to  be  conclusive. 

I  have  been  unable  to  produce  the  phenomenon  with  the 
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disruptive  discharge  coil,  although  every  other  of  these  pheno- 
mena can  be  well  produced  by  it— many,  in  feet,  much  better  than 
with  coils  operated  from  an  alternator. 

It  may  be  possible  to  produce  the  brush  by  impulses  of  one 
direction,  or  even  by  a  steady  potential,  in  which  case  it  would  be 
still  more  sensitive  to  magnetic  influence. 

In  operating  an  induction  coil  with  rapidly  alternating  currents, 
we  realise  with  astonishment,  for  the  first  time,  the  great  impor- 
tance of  the  relation  of  capacity,  self-induction,  and  frequency  as 
regards  the  general  result.  The  effects  of  capacity  are  the  most 
striking,  for  in  these  experiments,  since  the  self-induction  and 
frequency  both  are  high,  the  critical  capacity  is  very  small,  and 
need  be  but  slightly  varied  to  produce  a  very  considerable  change. 
The  experimenter  may  bring  his  body  in  contact  with  the 
terminals  of  the  secondary  of  the  coil,  or  attach  to  one  or  both 
terminals  insulated  bodies  of  very  small  bulk,  such  as  bulbs,  and 
he  may  produce  a  considerable  rise  or  fall  of  potential,  and  greatly 
affect  the  flow  of  the  current  through  the  primary.  In  the 
experiment  before  shown,  in  which  a  brush  appears  at  a  wire 
attached  to  one  terminal,  and  the  wire  is  vibrated  when  the 
experimenter  brings  his  insulated  body  in  contact  with  the 
other  terminal  of  the  coil,  the  sudden  rise  of  potential  was  made 
evident. 

I  may  show  you  the  behaviour  of  the  coil  in  another  manner 
which  possesses  a  feature  of  some  interest.  I  have  here  a  little 
light  fen  of  aluminum  sheet,  festened  to  a  needle  and  arranged  to 
rotate  fi'eely  in  a  metal  piece  screwed  to  one  of  the  terminals  of 
the  coil.  When  the  coil  is  set  to  work,  the  molecules  of  the  air 
are  rhythmically  attracted  and  repelled.  As  the  force  with  which 
they  are  repelled  is  greater  than  that  with  which  they  are 
attracted,  it  results  that  there  is  a  repulsion  exerted  on  the 
surfaces  of  the  fan.  If  the  fen  were  made  simply  of  a  metal 
sheet,  the  repulsion  would  be  equal  on  the  opposite  sides,  and 
would  produce  no  effect.  But  if  one  of  the  opposing  surfeces  is 
screened,  or  if,  generally  speaking,  the  bombardment  on  this  side 
is  weakened  in  some  way  or  other,  there  remains  the  repulsion 
exerted  upon  the  other,  and  the  fan  is  set  in  rotation.      The 
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screening  is  best  effected  by  fetstening  upon  one  of  the  opposing 
sides  of  the  fan  insulated  conducting  coatings,  or,  if  the  &n  is 
made  in  the  shape  of  an  ordinary  propeller  screw,  by  fastening  on 
one  side,  and  close  to  it,  an  insulated  metal  plate.  The  static 
screen  may,  however,  be  omitted,  and  simply  a  thickness  of 
insulating  material  fastened  to  one  of  the  sides  of  the  fan. 

To  show  the  behaviour  of  the  coil,  the  fen  may  be  placed 
upon  the  terminal  and  it  will  readily  rotate  when  the  coil  is 
operated  by  currents  of  very  high  frequency.  With  a  steady 
potential,  of  course,  and  even  with  alternating  currents  of  very 
low  frequency,  it  would  not  turn,  because  of  the  very  slow 
exchange  of  air  and,  consequently,  smaller  bombardment;  but 
in  the  latter  case  it  might  turn  if  the  potential  were  excessive. 
With  a  pin  wheel,  quite  the  opposite  rule  holds  good :  it  rotates 
best  with  a  steady  potential,  and  the  effort  is  the  smaller  the 
higher  the  frequency.  Now  it  'is  very  easy  to  adjust  the 
conditions  so  that  the  potential  is  normally  not  sufficient  to 
turn  the  fan,  but  that  by  connecting  the  other  terminal,  of  the 
ooil  with  an  insulated  body  it  rises  to  a  much  greater  value,  so 
as  to  rotate  the  fen,  and  it  is  likewise  possible  to  stop  the  rotation 
by  connecting  to  the  terminal  a  body  of  different  size,  thereby 
diminishing  the  potential. 

Instead  of  using  the  fan  in  this  experiment,  we  may  use  the 
'<  electric "  radiometer  with  similar  effect.  But  in  this  case  it 
will  be  found  that  the  vanes  will  rotate  only  at  high  exhaustion 
or  at  ordinary  pressures ;  they  will  not  rotate  at  moderate  pressures, 
when  the  air  is  highly  conducting.  This  curious  observation  was 
made  conjointly  by  Professor  Crookes  and  myself.  I  attribute 
the  result  to  the  high  conductivity  of  the  air,  the  molecules  of 
which  then  do  not  act  as  independent  carriers  of  electric  charges, 
but  act  all  together  as  a  single  conducting  body.  In  such  case, 
of  course,  if  there  is  any  repulsion  at  all  of  the  molecules  from 
the  vanes,  it  must  be  very  small.  It  is  possible,  however,  that 
the  result  is  in  part  due  to  the  feet  that  the  greater  part  of  the 
discharge  passes  from  the  leading-in  wire  through  the  highly 
conducting  gas,  instead  of  passing  off  from  the  conducting  vanes. 

In  trying  the  preceding  experiment  with  the  electric  radio- 
Digitized  by  LjOOQIc 


9S  BXPBBIMENTS  WITH  ALTBBNATE  CURBENTS     [Feb.  8id, 

meter  the  potential  should  not  exceed  a  certain  limit,  as  then  the 
electrostatic  attraction  between  the  vanes  and  the  glass  of  the 
bulb  may  be  so  great  as  to  stop  the  rotation. 

A  most  curions  feature  of  alternate  currents  of  high  frequencies 
and  potentials  is  that  they  enable  us  to  perform  many  experiments 
by  the  use  of  one  wire  only.  In  many  respects  this  feature  is  of 
great  interest. 

In  a  type  of  alternate-current  motor  invented  by  me  some 
years  ago,  I  produced  rotation  by  inducing,  by  means  of  a  single 
alternating  current  passed  through  a  motor  circuit,  in  the  mass  or 
other  circuits  of  the  motor,  secondary  currents,  which,  jointly  with 
the  primary  or  inducing  current,  created  a  moving  field  of  force. 
A  simple  but  crude  form  of  such  a  motor  is  obtained  by  winding 
upon  an  iron  core  a  primary,  and  close  to  it  a  secondary  coil, 
joining  the  ends  of  the  latter  and  placing  a  freely  movable  metal 
disc  within  the  influence  of  the  field  produced  by  both.  The 
iron  core  is  employed  for  obvious  reasons,  but  it  is  not  essential 
to  the  operation.  To  improve  the  motor,  the  iron  core  ia  made  to 
encircle  the  armature.  Again  to  improve,  the  secondary  coil  is 
made  to  overlap  partly  the  primary,  so  that  it  cannot  free  itself 
from  a  strong  inductive  action  of  the  latter,  repel  it  its  lines  as  it 
may.  Once  more  to  improve,  the  proper  difference  of  phase  ia 
obtained  between  the  primary  and  secondary  currents  by  a  con- 
denser, self-induction,  resistance,  or  equivalent  windings. 

I  had  discovered,  however,  that  rotation  is  produced  by  means 
of  a  single  coil  and  core ;  my  explanation  of  the  phenomenon,  and 
leading  thought  in  trying  the  experiment,  being  that  there  must 
be  a  true  time  lag  in  the  magnetisation  of  the  core.  I  remember 
the  pleasure  I  had  when,  in  the  writings  of  Professor  Ayiton, 
which  came  later  to  my  hand,  I  found  the  idea  of  the  time  lag 
advocated.  Whether  there  is  a  true  time  lag,  or  whether  the 
retardation  is  due  to  eddy-currents  circulating  in  minute  paths, 
must  remain  an  open  question,  but  the  fact  is  that  a  coil  wound 
upon  an  iron  core  and  traversed  by  an  alternating  current  creates 
a  moving  field  of  force,  capable  of  setting  an  armature  in  rotation. 
It  is  of  some  interest,  in  conjunction  with  the  historical  Arago 
eisperiment,  to  mention  that  in  lag,  or  phase,  motors  I  have  pro- 
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dnoed  rotation  in  opposite  direction  to  the  moving  field,  which 
means  that  in  that  experiment  the  magnet  may  not  rotate,  or  may 
even  rotate  in  opposite  direction  to  the  moving  disc.  Here,  then, 
is  a  motor  (schematically  illustrated  in  Fig.  17),  comprising  a  coil 
and  iron  core,  and  a  fireely  movable  copper  disc  in  proximity  to 
the  latter. 


Fio.  17.— Single- Wire  and  "No- Wire"  Motor. 

To  demonstrate  a  novel  and  interesting  feature,  I  have,  for 
a  reason  which  I  will  explain,  selected  this  tyi)e  of  motor.  When 
the  ends  of  the  coil  are  connected  to  the  terminals  of  an  alter- 
nator, the  disc  is  set  in  rotation.  But  it  is  not  this  experiment, 
now  well  known,  which  I  desire  to  perform.  What  I  wish  to 
show  you  is  that  this  motor  rotates  with  one  single  connection 
between  it  and  the  generator;  that  is  to  say,  one  terminid  of 
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the  motor  is  connected  to  one  terminal  of  the  generator — ^in  this 
case  the  secondary  of  a  high-tension  induction  coil — ^the  other 
terminals  of  motor  and  generator  being  insulated  in  space.  To 
produce  rotation  it  is  generally  (but  not  absolutely)  necessary 
to  connect  the  iree  end  of  the  motor  coil  to  an  insulated 
body  of  some  size.  The  experimenter's  body  is  more  than  suf- 
ficing. If  he  touches  the  free  terminal  with  an  object  held  in 
the  hand,  a  current  passes  through  the  coil  and  the  copper  disc 
is  set  in  rotation.  If  an  exhausted  tube  is  put  in  series  with 
the  coil,  the  tube  lights  brilliantly,  showing  the  passage  of  a 
strong  current.  Instead  of  the  experimenter's  body,  a  small 
metal  sheet  suspended  on  a  cord  may  be  used  with  the  same 
result.  In  this  case  the  plate  acts  as  a  condenser  in  series  with 
the  coil.  It  counteracts  the  self-induction  of  the  latter  and 
allows  a  strong  current  to  pass.  In  such  a  combination,  the 
greater  the  self-induction  of  the  coil  the  smaller  need  be  the 
plate,  and  this  means  that  a  lower  frequency,  or  eventually  a 
lower  potential,  is  required  to  operate  the  motor.  A  single  coil 
wound  upon  a  core  has  a  high  self-induction:  for  this  reason 
princijMilly,  this  type  of  motor  was  chosen  to  perform  the  experi- 
ment. Were  a  secondary  closed  coil  wound  upon  the  core,  it 
would  tend  to  diminish  the  self-induction,  and  then  it  would  be 
necessary  to  employ  a  much  higher  frequency  and  potential. 
Neither  would  be  advisable,  for  a  higher  potential  would  endanger 
the  insulation  of  the  small  primary  coil,  and  a  higher  frequency 
would  result  in  a  materially  diminished  torque. 

It  should  be  remarked  that  when  such  a  motor  with  a  closed 
secondary  is  used,  it  is  not  at  all  easy  to  obtain  rotation  with 
excessive  frequencies,  as  the  secondary  cuts  off  almost  com- 
pletely the  lines  of  the  primary — and  this,  of  coursre,  the  more, 
the  higher  the  frequency — and  allows  the  passage  of  but  a  minute 
current.  In  such  a  case,  unless  the  secondary  is  closed  through 
a  condenser,  it  is  almost  essential,  in  order  to  produce  rotation^ 
to  make  the  primary  and  secondary  coils  overlap  each  other  more 
or  less. 

But  there  is  an  additional  feature  of  interest  about  this  motor. 
It  is,  namely,  not  necessary  to  have  even  a  single  connection 
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between  the  motor  and  generator,  except,  perhaps,  through  the 
jpronnd ;  for  not  only  is  an  insnlated  plate  capable  of  giving  off 
energy  into  space,  bat  it  is  likewise  capable  of  deriving  it  from  an 
alternating  electrostatic  field,  though  in  the  latter  case  the  avail- 
able energy  is  much  smaller.  In  this  instance  one  of  the  motor 
terminals  is  connected  to  the  insulated  plate  or  body  located 
within  the  alternating  electrostatic  field,  and  the  other  terminal 
preferably  to  the  ground. 

It  is  quite  possible,  however,  that  such  ^<  no-wire  "  motors,  as 
they  might  be  called,  could  be  operated  by  conduction  through 
the  rarefied  air  at  considerable  distances.  Alternate  currents, 
especially  of  high  firequencies,  pass  with  astonishing  freedom 
through  even  slightly  rarefied  gases.  The  upper  strata  of  the  air 
are  rarefied.  To  reach  a  number  of  miles  out  into  space  requires 
the  overcoming  of  difficulties  of  a  merely  mechanical  nature. 
There  is  no  doubt  that  with  the  enormous  potentials  obtainable  by 
the  use  of  high  frequencies  and  oil  insulation  luminous  discharges, 
might  be  passed  through  many  miles  of  rarefied  air,  and  that,  by 
thus  directing  the  energy  of  many  hundreds  or  thousands  of  horse- 
power, motors  or  lamps  might  be  operated  at  considerable  distances 
from  stationary  sources.  But  such  schemes  are  mentioned  merely 
as  possibilities.  We  shall  have  no  need  to  transmit  power  in  this 
way.  We  shaU  have  no  need  to  tramsmit  power  at  all.  Ere 
many  generations  pass,  our  machinery  will  be  driven  by  a  power 
obtainable  at  any  point  of  the  universe.  This  idea  is  not  novel. 
Men  have  been  led  to  it  long  ago  by  instinct  or  reason.  It  has 
been  expressed  in  many  ways,  and  in  many  places,  in  the  history 
of  old  and  new.  We  find  it  in  the  delightful  myth  of  Antheus, 
who  derives  power  from  the  earth ;  we  find  it  among  the  subtile 
speculations  of  one  of  your  splendid  mathematicians,  and  in  many 
hints  and  statements  of  thinkers  of  the  present  time.  Through- 
out space  there  is  energy.  Is  this  energy  static  or  kinetic  ?  If 
static,  our  hopes  are  in  vain ;  if  kinetic — and  this  we  know  it  is, 
for  certain — ^then  it  is  a  mere  question  of  time  when  men  will 
succeed  in  attaching  their  machinery  to  the  very  wheelwork  of 
Nature.  Of  all,  living  or  dead,  Crookes  came  nearest  to  doing  it. 
His  radiometer  will  turn  in  the  light  of  day  and  in  the  darkness 
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of  the  night ;  it  will  turn  everywhere  where  there  is  heat,  and 
heat  is  everywhere.  But,  unfortunately,  this  beaatiful  little 
machine,  while  it  goes  down  to  posterity  as  the  most  interesting, 
must  likewise  be  put  on  record  as  the  most  inefficient  machine 
ever  invented ! 

The  preceding  experiment  is  only  one  of  many  equally 
interesting  experiments  which  may  be  performed  by  the  use  of 
Only  one  wire  with  alternate  currents  of  high  potential  and 
frequency.  We  may  connect  an  insulated  line  to  a  source  of 
such  current49,  we  may  pass  an  inappreciable  current  over  the  line, 
and  on  any  point  of  the  same  we  are  able  to  obtain  a  heavy 
currfmfc,  capable  of  fusing  a  thick  copper  wire.  Or  we  may,  by 
the  help  of  some  artifice,  decompose  a  solution  in  an  electrolytic 
cell  by  connecting  only  one  pole  of  the  cell  to  the  line  or  source 
of  energy.  Or  we  may,  by  attaching  to  the  line,  or  only  bringing 
into  its  vicinity,  light  up  an  incandescent  lamp,  an  exhausted  tube, 
or  a  phosphorescent  bulb. 

However  impracticable  this  plan  of  working  may  appear  in 
many  cases,  it  certainly  seems  practicable,  and  even  recommend- 
able,  in  the  production  of  light.  A  perfected  lamp  would  require 
but  little  energy,  and  if  wires  are  used  at  all,  we  ought  to  be  able 
to  supply  that  energy  without  a  return  wire. 

It  is  now  a  fact  that  a  body  may  be  rendered  incandescent  or 
phosphorescent  by  bringing  it  either  in  single  contact  or  merely 
in  the  vicinity  of  a  source  of  electric  impulses  of  the  proper 
character,  and  that  in  this  manner  a  quantity  of  light  sufficient 
to  afford  a  practical  illuminant  may  be  produced.  It  is,  therefore, 
to  say  the  least,  worth  while  to  attempt  to  determine  the  best 
conditions  and  to  invent  the  best  appliances  for  attaining  this 
object. 

Some  experiences  have  already  been  gained  in  this  direction, 
and  I  will  dwell  on  them  briefly,  in  the  hope  that  they  might 
prove  useful. 

The  heating  of  a  conducting  body  enclosed  in  a  bulb,  and 
connected  to  a  source  of  rapidly  alternating  electric  impulses,  is 
dependent  on  so  many  things  of  a  different  nature,  that  it  would 
be  difficult  to  give  a  generally  applicable  rule  under  which  the 
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imurimnTn  heating  ooears.  As  regards  the  siae  of  the  vetMel,  I 
have  lately  found  that  at  ordinary  or  only  slightly  differing 
atmospheric  pressures,  when  air  is  a  good  insolator,  and  henoe 
practically  the  same  amonnt  of  energy  by  a  certain  potential  and 
frequency  is  given  off  from  the.  body,  whether  the  bulb  be  small 
or  large,  the  body  is  brought  to  a  higher  temperature  if  enclosed 
in  a  small  bulb,  because  of  the  better  confinement  of  heat  in  this 


At  lower  pressures,  when  air  becomes  more  or  less  conducting, 
or  if  the  air  be  sufficiently  wanned  as  to  become  conducting,  the 
body  is  rendered  more  intensely  incandescent  in  a  large  bulb^ 
obviously  because,  under  otherwise  equal  conditions  of  test,  monfe 
energy  may  be  given  off  from  the  body  when  the  bulb  is  large. 

At  very  high  degrees  of  exhaustion,  when  the  matter  in  the 
bulb  becomes  ^'  radiant,"  a  large  bulb  has  still  an  advantage,  but 
a  comparatively  slight  one,  over  the  small  bulb. 

Finally,  at  excessively  high  degrees  of  exhaustion,  which 
cannot  be  reached  except  by  the  employment  of  special  means, 
there  seems  to  be,  beyond  a  certain  and  rather  small  size  of  vessel, 
no  perceptible  difference  in  the  heating. 

These  observations  were  the  result  of  a  number  of  experiments, 
of  which  one,  showing  the  effect  of  the  size  of  the  bulb  at  a  hi|^ 
degree  of  exhaustion,  may  be  described  and  shown  here,  as  it 
presents  a  feature  of  interest.  Three  spherical  bulbs  of  2  inches, 
3  inches,  and  4  inches  diameter  were  taken,  and  in  the  centre  of 
each  was  mounted  an  equal  length  of  an  ordinary  incandescent 
lamp  filament  of  uniform  thickness.  In  each  bulb  the  piece  of 
filament  was  fiistened  to  the  leading-in  wire  of  platinum,  contained 
in  a  glass  stem  sealed  in  the  bulb ;  care  being  taken,  of  course,  to 
make  everything  as  nearly  alike  as  possible.  On  each  glass  stem 
in  the  inside  of  the  bulb  was  slipped  a  highly  polished  tube  made 
of  aluminum  sheet,  which  fitted  the  stem  and  was  held  on  it  by 
spring  pressure.  The  function  of  this  aluminum  tube  will  be 
explained  subsequently.  In  each  bulb  an  equal  length  of  filament 
protruded  above  the  metal  tube.  It  is  sufficient  to  say  now  that 
under  these  conditions  equal  lengths  of  ffiament  of  the  same 
thickness — ^in  other  words,  bodies  of  equal  bulk — were  brought  to 


Digitized  by 


Googk 


98  EXPERIMENTS  WITH  ALTERNATE  CURRENTS    [Feb.  8rd, 

incandesoence.  The  three  bulbs  were  sealed  to  a  glass  tube, 
which  was  connected  to  a  Sprengel  pnmp.  When  a  high  vacuum 
had  been  reached,  the  glass  tube  carrying  the  bulbs  was  sealed  off. 
A  current  was  then  turned  on  successively  on  each  bulb,  and  it 
was  found  that  the  filaments  came  to  about  the  same  brightness, 
and,  if  anything,  the  smallest  bulb,  which  was  placed  midway 
between  the  two  larger  ones,  may  have  been  slightly  brighter. 
This  result  was  expected,  for  when  either  of  the  bulbs  was 
connected  to  the  coil  the  luminosity  spread  through  the  other 
two,  hence  the  three  bulbs  constituted  really  one  vesseL  When 
all  the  three  bulbs  were  connected  in  multiple  arc  to  the  coil,  in 
the  largest  of  them  the  filament  glowed  brightest,  in  the  next 
smaller  it  was  a  little  less  bright,  and  in  the  smallest  it  only 
came  to  redness.  The  bulbs  were  then  sealed  off  and  separately 
tried.  The  brightness  of  the  filaments  was  now  such  as  would 
have  been  expected  on  the  supposition  that  the  energy  given  off 
was  proportionate  to  the  surface  of  the  bulb,  this  Bur£EU»  in  each 
case  representing  one  of  the  coatings  of  a  condenser.  Accordingly, 
there  was  less  difference  between  the  largest  and  the  middle- 
sized  than  between  the  latter  and  the  smallest  bulb. 

An  interesting  observation  was  made  in  this  experiment. 
The  three  bulbs  were  suspended  firom  a  straight  bare  wire 
connected  to  a  terminal  of  the  coil,  the  largest  bulb  being 
placed  at  the  end  of  the  wire,  at  some  distance  fix>m  it  the 
smallest  bulb,  and  an  equal  distance  from  the  latter  the  middle-^ 
sized  one.  The  carbons  glowed  then  in  both  the  larger  bulbs 
about  as  expected,  but  the  smallest  did  not  get  its  share  by  feur. 
This  observation  led  me  to  exchange  the  positions  of  the  bulbs, 
and  I  then  observed  that  whichever  of  the  bulbs  was  in  the 
middle  it  was  by  far  less  bright  than  it  was  in  any  other 
position.  This  mystifying  result  was,  of  course,  found  to  be 
due  to  the  elctrostatic  action  between  the  bulbs.  When  they 
were  placed  at  considerable  distance,  or  when  they  were  attached 
to  the  comers  of  an  equilateral  triangle  of  copper  wire,  they 
glowed  about  in  the  order  determined  by  their  sur£Eu;es. 

As  to  the  shape  of  the  vessel,  it  is  also  of  some  importance, 
especially  at  high  degrees  of  exhaustion.     Of  all  the  possible 
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constractions,  it  seems  that  a  spherical  globe  with  the  refrac- 
tory body  mounted  in  its  centre  is  the  best  to  employ.  In 
experience  it  has  been  demonstrated  that  in  such  a  globe  a 
refractory  body  of  a  given  bulk  is  more  easily  brought  to  incan- 
descence than  when  otherwise  shaped  bulbs  are  used.  There  is 
also  an  advantage  in  giving  to  the  incandescent  body  the  shape 
of  a  sphere,  for  self-evident  reasons.  In  any  case,  the  body 
should  be  mounted  in  the  centre,  where  the  atoms  rebounding 
from  the  glass  collide.  This  object  is  best  attained  in  the 
spherical  bulb;  but  it  is  also  attained  in  a  cylindrical  vessel 
with  one  or  two  straight  filaments  coinciding  with  its  axis,  and 
possibly  also  in  parabolical  or  spherical  bulbs  with  the  refrac- 
tory body  or  bodies  placed  in  the  focus  or  foci  of  the  same, 
though  the  latter  is  not  probable,  as  the  electrified  atoms  should 
in  all  cases  rebound  normally  from  the  surface  they  strike,  unless 
the  speed  were  excessive,  in  which  case  they  vxyuld  probably 
follow  the  general  law  of  reflection.  No  matter  what  shape  the 
vessel  may  have,  if  the  exhaustion  be  low,  a  filament  mounted 
in  the  globe  is  brought  to  the  same  degree  of  incandescence  in 
all  parts;  but  if  the  exhaustion  be  high,  and  the  bulb  be 
spherical  or  pear-shaped,  as  usual,  focal  points  form,  and  the 
filament  is  heated  to  a  higher  degree  at  or  near  such  points. 

To  illustrate  the  effect,  I  have  here  two  small  bulbs  which 
are  alike,  only  one  is  exhausted  to  a  low  and  the  other  to  a 
very  high  degree.  When  connected  to  the  coil,  the  filament  in 
the  former  glows  uniformly  throughout  all  its  length;  whereas 
in  the  latter,  that  portion  of  the  filament  which  is  in  the  centre 
of  the  bulb  glows  far  more  intensely  than  the  rest.  A  cm"ious 
point  is  that  the  phenomenon  occurs  even  if  two  filaments  are 
mounted  in  a  bulb,  each  being  connected  to  one  terminal  of 
the  coil,  and,  what  is  still  more  curious,  if  they  be  very  near 
together,  provided  the  vacuum  be  very  high.  I  noted  in  experi- 
ments with  such  bulbs  that  the  filaments  would  give  way 
usually  at  a  certain  point,  and  in  the  first  trials  I  attributed 
it  to  a  defect  in  the  carbon.  But  when  the  phenomenon  occurred 
many  times  in  succession  I  recognised  its  real  cause. 

In  order  to  bring  a  refractory  body  enclosed  in  a  bulb  to 
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incandescence,  it  is  desirable,  on  account  of  economy,  that  all  the 
energy  supplied  to  the  bulb  from  the  source  should  reach  without 
loss  the  body  to  be  heated :  from  there,  and  from  nowhere  else, 
it  should  be  radiated.  It  is,  of  course,  out  of  the  question  to 
reach  this  theoretical  result,  but  it  is  possible  by  a  proper 
construction  of  the  illuminating  device  to  approximate  it  more 
or  less. 

For  many  reasons,  the  refractory  body  is  placed  in  the  centre 
of  the  bulb,  and  it  is  usually  supported  on  a  glass  stem  con- 
taining the  leading-in  wire.  As  the  potential  of  this  wire  is 
alternated,  the  rarefied  gas  surrounding  the  stem  is  acted  upon 
inductively,  and  the  glass  stem  is  violently  bombarded  and 
heated.  In  this  manner  by  iai  the  greater  portion  of  the  energy 
supplied  to  the  bulb — especially  when  exceedingly  high  frequen- 
cies are  used — ^may  be  lost  for  the  purpose  contemplated.  To 
obviate  this  loss,  or  at  least  to  reduce  it  to  a  minimum,  I  usually 
screen  the  rarefied  gas  surrounding  the  stem  from  the  inductive 
action  of  the  leading-in  wire  by  providing  the  stem  with  a  tube 
or  coating  of  conducting  material.  It  seems  beyond  doubt  that 
the  best  among  metals  to  employ  for  this  purpose  is  aluminum, 
on  account  of  its  many  remarkable  properties.  Its  only  fault  is 
that  it  is  easily  fusible,  and  therefore  its  distance  from  the 
incandescing  body  should  be  properly  estimated.  Usually,  a  thin 
tube,  of  a  diameter  somewhat  smaller  than  that  of  the  glass  stem, 
is  made  of  the  finest  aluminum  sheet,  and  slipped  on  the  stem. 
The  tube  is  conveniently  prepared  by  wrapping  around  a  rod 
fastened  in  a  lathe  a  piece  of  aluminum  sheet  of  the  proper  size, 
grasping  the  sheet  firmly  with  clean  chamois  leather  or  blotting 
paper,  and  spinning  the  rod  very  fast.  The  sheet  is  wound 
tightly  around  the  rod,  and  a  highly  polished  tube  of  two  or 
three  layers  of  the  sheet  is  obtained.  When  slipped  on  the  stem, 
the  pressure  is  generally  sufficient  to  prevent  it  from  slipping  oflf, 
but,  for  safety,  the  lower  edge  of  the  sheet  may  be  turned  inside. 
The  upper  inside  comer  of  the  sheet — that  is,  the  one  which  is 
nearest  to  the  refractory  incandescent  body — should  be  cut  out 
diagonally,  as  it  often  happens  that,  in  consequence  of  the  intense 
heat,  this  comer  turns  towards  the  inside  and  comes  very  near 
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to,  or  in  contact  with,  the  wire,  or  filament,  supporting  the 
refractory  body.  The  greater  part  of  the  energy  supplied  to  the 
bulb  is  then  used  up  in  heating  the  metal  tube,  and  the  bulb  is 
rendered  useless  for  the  purpose.  The  aluminum  sheet  should 
project  above  the  glass  stem  more  or  less — 1  inch  or  so-— or 
else,  if  the  glass  be  too  close  to  the  incandescing  body,  it  may  be 
strongly  heated,  and  become  more  or  less  conducting,  whereupon 
it  may  be  ruptured,  or  may,  by  its  conductivity,  establish  a  good 
electrical  connection  between  the  metal  tube  and  the  leading-in 
wire,  in  which  case,  of  course,  again,  most  of  the  energy  will  be 
lost  in  heating  the  former.  Perhaps  the  best  way  is  to  make  the 
top  of  the  glass  tube,  for  about  an  inch,  of  a  much  smaller 
diameter.  To  still  further  reduce  the  danger  arising  from  the 
heating  of  the  glass  stem,  and  also  with  the  view  of  preventing 
an  electrical  connection  between  the  metal  tube  and  the  electrode, 
I  preferably  wrap  the  stem  with  several  layers  of  thin  mica,  which 
extends  at  least  as  far  as  the  metal  tube.  In  some  bulbs  I  have 
also  used  an  outside  insulating  cover. 

The  preceding  remarks  are  only  made  to  aid  the  experimenter 
in  the  first  trials,  for  the  difficulties  which  he  encounters  he  may 
soon  find  means  to  overcome  in  his  own  way. 

To  illustrate  the  effect  of  the  screen,  and  the  advantage  of 
using  it,  I  have  here  two  bulbs  of  the  same  size,  with  their  stems, 
leading-in  wires,  and  incandescent  lamp  filaments  tied  to  the 
latter,  as  nearly  alike  as  possible.  The  stem  of  one  bulb  is 
provided  with  an  aluminum  tube,*  the  stem  of  the  other  has  none. 
Originally  the  two  bulbs  were  joined  by  a  tube  which  was 
connected  to  a  Sprengel  pump.  When  a  high  vacuum  had  been 
reached,  first  the  connecting  tube,  and  then  the  bulbs,  were 
sealed  off;  they  are  therefore  of  the  same  degree  of  exhaustion. 
When  they  are  separately  connected  to  the  coil  giving  a  certain 
potential,  the  carbon  filament  in  the  bulb  provided  with  the 
aluminum  screen  is  rendered  highly  incandescent,  while  the 
filament  in  the  other  bulb  may,  with  the  same  potential,  not 
even  come  to  redness,  although  in  reality  the  latter  bulb  takes 
generally  more  energy  than  the  former.  When  they  are  both 
connected  together  to  the  terminal,  the  difference  is  even  more 
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apparent.,  showing  the  importaDce  of  the  screening.  The  metal 
tube  placed  on  the  stem  containing  the  leading.in  wire  performs 
really  two  distinct  functions:  first,  it  acts  more  or  less  as  an 
electrostatic  screen,  thus  economising  the  energy  supplied  to  the 
bulb ;  and,  second,  to  whatever  extent  it  may  fieul  to  act  electro- 
statically, it  acts  mechanically,  preventing  the  bombardment,  and 
consequently  intense  heating  and  possible  deterioration,  of  the 
slender  support  of  the  refractory  incandescent  body,  or  of  the 
glass  stem  containing  the  leading-in  wire.  I  say  sUfnder  support, 
for  it  is  evident  that  in  order  to  confine  the  heat  more  completely 
to  the  incandescing  body  its  support  should  be  very  thin,  so  as  to 
carry  away  the  smallest  possible  amount  of  heat  by  conduction. 
Of  all  the  supports  used  I  have  found  an  ordinary  incandescent 
lamp  filament  to  be  the  best,  principally  because,  among  con- 
ductors, it  can  withstand  the  highest  degrees  of  heat. 

The  effectiveness  of  the  metal  tube  as  -an  electrostatic  screen 
depends  largely  on  the  degree  of  exhaustion. 

At  excessively  high  degrees  of  exhaustion — ^which  are  reached 
by  using  great  care  and  special  means  in  connection  with  the 
Sprengel  pump — when  the  matter  in  the  globe  is  in  the  ultra- 
radiant  state,  it  acts  most  perfectly.  The  shadow  of  the  upper 
edge  of  the  tube  is  then  sharply  defined  upon  the  bulb. 

At  a  somewhat  lower  degree  of  exhaustion,  which  is  about  the 
ordinary  ^' non-striking  "  vacuum,  and  generally  as  long  as  the 
matter  moves  predominantly  in  straight  lines,  the  screen  still 
does  well.  In  elucidation  of  the  preceding  remark  it  is  necessary 
to  state  that  what  is  a  ^^  non-striking  "  vacuum  for  a  coil  operated, 
as  ordinarily,  by  impulses,  or  currents,  of  low  frequency,  is  not,  by 
far,  so  when  the  coil  is  operated  by  currents  of  very  high  fi'equency. 
In  such  case  the  discharge  may  pass  with  great  freedom  through 
the  rarefied  gas  through  which  a  low-frequency  discharge  may  not 
pass,  even  though  the  potential  be  much  higher.  At  ordinary 
atmospheric  pressures  just  the  reverse  rule  holds  good:  the 
higher  the  frequency,  the  less  the  spark  discharge  is  able  to 
jump  between  the  terminals,  especially  if  they  are  knobs  or 
spheres  of  some  size. 

Finally,  at  very  low  degrees  of  exhaustion,  when  the  gas  is 
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well  conducting,  the  metal  tube  not  only  does  not  act  as  an 
electrostatic  screen,  but  even  is  a  drawback,  aiding  to  a  consider- 
able extent  the  dissipation  of  the  energy  laterally  from  the 
leading-in  wire.  This,  of  course,  is  to  be  expected.  In  this  case, 
namely,  the  metal  tube  is  in  good  electrical  connection  with  the 
leading-in  wire,  and  most  of  the  bombardment  is  directed  upon 
the  tube.  As  long  as  the  electrical  connection  is  not  good,  the 
conducting  tube  is  always  of  some  advantage,  for  although  it  may 
not  greatly  economise  energy,  still  it  protects  the  support  of  the 
refiractory  button,  and  is  a  means  for  concentrating  more  energy 
upon  the  same. 

To  whatever  extent  the  aluminum  tube  performs  the  function 
of  a  screen,  its  usefulness  is  therefore  limited  to  very  high  degrees 
of  exhaustion  when  it  is  insulated  from  the  electrode— that  is, 
when  the  gas  as  a  whole  is  non-conducting,  and  the  molecules,  or 
atoms,  act  as  independent  carriers  of  electric  charges. 

In  addition  to  acting  as  a  more  or  less  effective  screen,  in  the 
true  meaning  of  the  word,  the  conducting  tube  or  coating  may 
also  act,  by  reason  of  its  conductivity,  as  a  sort  of  equaliser  or 
dampener  of  the  bombardment  against  the  stem.  To  be  explicit, 
I  assume  the  action  as  follows : — Suppose  a  rhythmical  bombardment 
to  occur  against  the  conducting  tube  by  reason  of  its  imperfect 
action  as  a  screen,  it  certainly  must  happen  that  some  molecules, 
or  atoms,  strike  the  tube  sooner  than  others.  Those  which  come 
first  in  contact  with  it  give  up  their  superfluous  charge,  and  the 
tube  is  electrified,  the  electrification  instantly  spreading  over  its 
surface.  But  this  must  diminish  the  energy  lost  in  the  bombard- 
ment, for  two  reasons :  firstly,  the  charge  given  up  by  the  atoms 
spreads  over  a  great  area,  and  hence  the  electric  density  at  any 
point  is  small,  and  the  atoms  are  repelled  with  less  energy  than 
they  would  be  if  they  would  strike  against  a  good  insulator; 
secondly,  as  the  tube  is  electrified  by  the  atoms  which  first  come 
in  contact  with  it,  the  progress  of  the  following  atoms  against  the 
tube  is  more  or  less  checked  by  the  repulsion  which  the  electrified 
tube  must  exert  upon  the  similarly  electrified  atoms.  This 
repulsion  may  perhaps  be  sufficient  to  prevent  a  large  portion  of 
the  atoms  from  striking  the  tube,  but  at  any  rate  it  must  diminish 
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the  energy  of  their  impact.  It  is  clear  that  when  the  exhaustion 
is  very  low,  and  the  rarefied  gas  well  conducting,  neither  of  the 
above  effects  can  occur,  and,  on  the  other  hand,  the  fewer  the 
atoms,  with  the  greater  freedom  they  move ;  in  other  words,  the 
higher  the  degree  of  exhaustion,  up  to  a  limit,  the  more  tellisg 
will  be  both  the  effects. 

What  I  have  just  said  may  afford  an  explanation  of  the  |^he- 
nomenon  observed  by  Professor  Crookes,  namely,  that  a  discharge 
through  a  bulb  is  established  with  much  greater  &cility  when  an 
insulator  than  when  a  conductor  is  present  in  the  same.  In  my 
opinion,  the  conductor  acts  as  a  dampener  of  the  motion  of  the 
atoms  in  the  two  ways  pointed  out;  hence,  to  cause  a  visible 
discharge  to  pass  through  the  bulb,  a  much  higher  potential  is 
needed  if  a  conductor,  especially  of  much  sur&ce,  be  present. 

For  the  sake  of  clearness  of  some  of  the  remarks  before  made, 
I  must  now  refer  to  Figs.  18,  19,  and  20,  which  illustrate  various 
arrangements  with  a  type  of  bulb  most  generally  used. 

Fig.  18  is  a  section  through  a  spherical  bulb,  £,  with  the  glass 
stem,  8,  containing  the  leading-in  wire,  w^  which  has  a  lamp 
filament,  2,  &stened  to  it,  serving  to  support  the  refractory  button, 
m,  in  the  centiie.  Jf  is  a  sheet  of  thin  mica  wound  in  several 
layers  around  the  stem  8,  and  a  is  the  aluminum  tube. 

Fig.  19  illustrates  such  a  bulb  in  a  somewhat  more  advanced 
stage  of  perfection.  A  metallic  tube,  Sj  is  fastened  by  means  of 
some  cement  to  the  neck  of  the  tube.  In  the  tube  is  screwed  a 
plug,  P,  of  insulating  material,  in  the  centre  of  which  is  &stened  a 
metaUic  terminal,  ^,  for  the  connection  to  the  leading-in  wire,  V). 
This  terminal  must  be  well  insulated  from  the  metal  tube  jS, 
therefore,  if  the  cement  used  is  conducting — and  most  generally 
it  is  sufficiently  so — ^the  space  between  the  plug  P  and  the  neck 
of  the  bulb  should  be  filled  with  some  good  insulating  material, 
as  inica  powder.. 

Fig.  20  shows  a  bulb  made  for  experimental  purposes.  In  this 
bulb  the  aluminum  tube  is  provided  with  an  external  connectios, 
which  serves  to  investigate  the  effect  of  the  tube  under  various 
inditions.  It  is  referred  to  chiefly  to  suggest  a  line  of  experiment 
followed. 
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SiDoe  the  bombardment  against  the  stem  containing  the 
leading-in  wire  is  due  to  the  inductive  action  of  the  latter  upon 
the  rarefied  gas,  it  is  of  advantage  to  reduce  this  action  as  £Bur  as 
practicable  by  employing  a  very  thin  wire,  surrounded  by  a  very 
thick  insulation  of  glass  or  other  material,  and  by  making  the 
wire  passing  through  the  rarefied  gas  as  short]  as  practicable. 
To  combine  these  features  I  employ  a  large  tube,  T  (Fig.  21),  which 


Fio.  21.— IproTed  Bulb  with  Non-  Fig.  22.— Type  of  Bnlb  without 

condacting  Batton.  Leading-in  Wire, 

protrudes  into  the  bulb  to  some  distance,  and  carries  on  the  top  a 
very  short  glass  stem, «,  into  which  is  sealed  the  leading-in  wire,  Wy 
and  I  protect  the  top  of  the  glass  stem  against  the  heat  by  a 
small  aluminum  tube,  a,  and  a  layer  of  mica  underneath  the  same, 
as  usual.  The  wire  u\  passing  through  the  large  tube  to  the 
outside  of  the  bulb,  should  be"well  insulated — with  a  glass  tube, 
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for  instance — ^and  the  space  between  ought  to  be  filled  out  with 
some  excellent  insulator.  Among  many  insulating  powders  I  have 
tried,  I  have  found  that  mica  powder  is  the  best  to  employ.  If 
this  precaution  is  not  taken,  the  tube  T,  protruding  into  the  bulb, 
will  surely  be  cracked  in  consequence  of  the  heating  by  the  brushes, 
which  are  apt  to  form  in  the  upper  part  of  the  tube,  near  the 
exhausted  globe,  especially  if  the  vacuum  be  excellent,  and  there- 
fore the  potential  necessary  to  operate  the  lamp  very  high. 

fig.  22  illustrates  a  similar  arrangement,  with  a  large  tube,  T, 
protruding  into  the  part  of  the  bulb  containing  the  refractory 
button,  m.  In  this  case  the  wire  leading  firom  the  outside  into  the 
bulb  is  omitted,  the  energy  required  being  supplied  through 
condenser  coatings,  G  C.  The  insulating  packing,  P,  should  in  this 
construction  be  tightly  fitting  to  the  glass,  and  rather  wide,  or 
otherwise  the  discharge  might  avoid  passing  through  the  wire,  Wy ' 
which  connects  the  inside  condenser  coating  to  the  incandescent 
button,  m. 

The  molecular  bombardment  against  the  glass  stem  in  the 
bulb  is  a  source  of  great  trouble.  As  illustration  I  will  cite  a 
phenomenon  only  too  frequently  and  unwillingly  observed.  A 
bulb,  preferably  a  large  one,  may  be  taken,  and  a  good  conducting 
body,  such  as  a  piece  of  carbon,  may  be  mounted  in  it  upon  a 
platinum  wire  sealed  in  the  glass  stem.  The  bulb  may  be  ex- 
hausted to  a  iairly  high  degree,  nearly  to  the  point  when  phosphor- 
escence begins  to  appear.  When  the  bulb  is  connected  with  the 
ooil,  the  piece  of  carbon,  if  small,  may  become  highly  incandescent 
at  first,  but  its  brightness  immediately  diminishes,  and  then  the 
discharge  may  break  through  the  glass  somewhere  in  the  middle 
of  the  stem,  in  the  form  of  bright  sparks,  in  spite  of  the  &ct  that 
the  platinum  wire  is  in  good  electrical  connection  with  the  rarefied 
gas  through  the  piece  of  carbon  or  metal  at  the  top.  The  first 
sparks  are  singularly  bright,  recalling  those  drawn  from  a  clear 
surfEuse  of  mercury.  But,  as  they  heat  the  glass  rapidly,  they  of 
course  lose  their  brightness,  and  cease  when  the  glass  at  the 
ruptured  place  becomes  incandescent,  or  generally  sufficiently  hot 
to  conduct.  When  observed  for  the  first  time  the  phenomenon 
must  appear   very   curious,   and   shows   in    a  striking  manner 
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how  radically  different  alternate  currents,  or  impulses^  of  high 
frequency  behave,  as  compared  with  steady  currents,  or  currents  of 
low  frequency.  With  such  currents— namely,  the  latter — ^the 
phenomenon  would  of  course  not  occur.  When  frequencies  such 
as  are  obtained  by  mechanical  means  are  used,  I  think  that  the 
rupture  of  the  glass  is  more  or  less  the  consequence  of  the 
bombardment,  which  warms  it  up  and  impairs  its  insulating 
power ;  but  with  frequencies  obtainable  with  condensers,  I  have  no 
doubt  that  the  glass  may  give  way  without  previous  heating. 
Although  this  appears  most  singular  at  first,  it  is  in  reality  what 
we  might  expect  to  occur.  The  energy  supplied  to  the  wire 
leading  into  the  bulb  is  given  off  partly  by  direct  action  through 
the  carbon  button,  and  partly  by  inductive  action  through  the 
glass  surrounding  the  wire.  The  case  is  thus  analogous  to  that  in 
which  a  condenser  shunted  by  a  conductor  of  low  resistance  is 
connected  to  a  source  of  alternating  currents.  As  long  as  the 
frequencies  are  low,  the  conductor  gets  the  most,  and  the  condenser 
is  perfectly  safe  ;  but  when  the  frequency  becomes  excessive,  the 
rdle  of  the  conductor  may  become  quite  insignificant.  In  the 
latter  case  the '  difference  of  potential  at  the  terminals  of  the 
condenser  may  become  so  great  as  to  rupture  the  dielectric, 
notwithstanding  the  fact  that  the  terminals  are  joined  by  a 
conductor  of  low  resistance. 

It  is,  of  course,  not  necessary,  when  it  is  desired  to  produce 
the  incandescence  of  a  body  enclosed  in  a  bulb  by  means  of  these 
currents,  that  the  body  should  be  a  conductor,  for  even  a  perfect 
non-conductor  may  be  quite  as  readily  heated.  For  this  purpose 
it  is  sufficient  to  surround  a  conducting  electrode  with  the  non- 
conducting material,  as,  for  instance,  in  the  bulb  described  before 
in  Fig.  21,  in  which  a  thin  incandescent  lamp  filament  is  coated 
with  a  non-conductor,  and  supports  a  button  of  tjie  same  material 
on  the  top.  At  the  start  the  bombardment  goes  on  by  inductive 
action  through  the  non-conductor,  until  the  same  is  sufficiently 
heated  to  become  conducting,  when  the  bombardment  continues 
in  the  ordinary  way. 

A  different  arrangement  used  in  some  of  the  bulbs  con- 
structed  is   illustrated  in   Fig.   23.      In   this   instance   a  non- 
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oondnctor,  m,  is  mounted-  in   a  piece    of   common   arc   light 
oarbon  so  as  to  project   some  small  distance  above  the  latter. 


Fio.  28. — Effect  produced  bj  m  Rabj  Drop. 

The  carbon  piece  is  connected  to  the  leading-in  wire  passing 
through  a  glais  stem,  which  is  wrapped  with  several  layers 
of  mica.  An  aluminum  tube,  a,  is  employed,  as  usual  for 
screening.  It  is  so  arranged  that  it  reaches  very  nearly^as  high 
as  the  carbon,  and  only  the  non-conductor,  m,  projects  a  little 
above  it.  The  bombardment  goes  at  first  against  the  upper 
8ur£ace  of  carbon,  the  lower  parts  being  protected  by  the 
aluminum  tube.  As  soon,  however,  as  the  non-conductor,  m, 
is  heated,  it  is  rendered  good  conducting,  and  then  it  becomes 
the  centre  of  the  bombardment,  being  most  exposed  to  the 
same. 
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I  have  also  constructed  during  these  experiences  many  such 
single-wire  bulhs  with  or  without  internal  electrode,  in  which 
the  radiant  matter  was  projected  against,  or  focused  upon,  the 
body  to  be  rendered  incandescent.     Fig,  24  illustrates  one  of  the 


Fio.  24.— BuaD  wiUiout  Leailmg-in  Vniie,  Bhowing  Effect  of  Projected 

Matter. 

bulbs  used.  It  consists  of  a  spherical  globe,  X,  provided  with  a 
long  necfk,  ti,  on  the  top,  for  increasing  the  action  in  some  cases 
by  the  application  of  an  external  conducting  coating.  The  globe 
L  is  blown  out  on  the  bottom  into  a  very  small  bulb,  6,  which 
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serves  to  hold  it  firmly  in  a  socket,  S,  of  insulating  material  into 
which  it  is  cemented*  A  fine  lamp  filament,  /,  supported  on  a 
wire,  Wf  passes  through  the  centre  of  the  globe  L.  The  filament 
is  rendered  incandescent  in  the  middle  portion,  where  the  bom- 
bardment proceeding  from  the  lower  inside  surface  of  the  globe 
is  most  intense.  The  lower  portion  of  the  globe,  as  far  as  the 
socket  S  reaches,  is  rendered  conducting,  either  by  a  tinfoil 
coating  or  otherwise,  and  the  external  electrode  is  connected 
to  a  terminal  of  the  coil. 

The  arrangement  diagramatically  indicated  in  Fig.  24  was 
found  to  be  an  inferior  one  when  it  was  desired  to  render 
incandescent  a  filament  or  button  supported  in  the  centre  of 
the  globe,  but  it  was  convenient  when  the  object  was  to  excite 
phosphorescence. 

In  many  experiments  in  which  bodies  of  a  different  kind 
were  mounted  in  the  bulb  as,  for  instance,  indicated  in  Fig.  23, 
some  observations  of  interest  were  made. 

It  was  found,  among  other  things,  that  in  such  cases,  no 
matter  where  the  bombardment  began,  just  as  soon  as  a  high 
temperature  was  reached  there  was  generally  one  of  the  bodies 
which  seemed  to  take  most*  of  the  bombardment  upon  itself,  the 
other,  or  others,  being  thereby  relieved.  This  quality  appeared  to 
depend  principally  on  the  point  of  fusion,  and  on  the  facility  with 
which  the  body  was  ^^  evaporated,"  or,  generally  speaking, 
disintegrated — ^meaning  by  the  latter  term  not  only  the  throwing 
off  of  atoms,  but  likewise  of  larger  lumps.  The  observation  made 
was  in  accordance  with  generally  accepted  notions.  In  a  highly 
exhausted  bulb  electricity  is  carried  off  from  the  electrode  by 
independent  carriers,  which  are  partly  the  atoms,  or  molecules,  of 
the  residual  atmosphere,  and  partly  the  atoms,  molecules,  or 
lumps  thrown  off  from  the  electrode.  If  the  electrode  is 
composed  of  bodies  of  different  character,  and  if  one  of  these  is 
more  easily  disintegrated  than  the  others,  most  of  the  electricity 
supplied  is  carried  off  from  that  body,  which  is  then  brought  to 
a  higher  temperature  than  the  others,  and  this  the  more,  as  upon 
an  increase  of  the  temperature  the  body  is  still  more  easily 
disintegrated. 
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It  seems  to  me  quite  probable  that  a  similar  process  takes 
place  in  the  bulb  even  with  a  homogeneous-electrode,  and  I  think 
it  to  be  the  principal  cause  of  the  disintegration.     There  is  bound 
to  be  some  irregularity,  even  if  the  surface  is  highly  polished, 
which,  of  course,  is  impossible  with  most  of  the  refractory  bodies 
employed  as  electrodes.     Assume  a  point  of  the  electrode  gets 
hotter,  instantly  most  of  the  discharge  passes  through  that  point, 
and  a  minute  patch  is  probably  fused  and  evaporated.     It  is  now 
possible  that  in   consequence  of  the  violent  disintegration  the 
spot  attacked  sinks  in  temperature,  or  that   a  counter-force  is 
created,  as  in  an  arc;  at  any  rate,  the  local  tearing-pff meets  with 
the  limitations  incident  to  the  experiment,  whereupon  the  same 
process   occurs   on   another  place.      To  the  eye  the  electrode 
appears  uniformly  brilliant,  but  there  are  upon  it  points,  constantly 
shifting  and  wandering  around,  of  a  temperature  far  above  the 
mean,  and  this  materially  hastens  the   process  of  deterioration. 
That  some  such  thing  occurs,  at  least  when  the  electrode  is  at  a 
lower    temperature,    sufficient    experimental    evidence    can    be 
obtained  in  the  following  manner: — ^Exhaust  a  bulb  to  a  very 
high  degree,  so  that  with  a  fairly  high  potential  the  discharge 
cannot  pass — that  is,  not  a  luvfivnxyaa  one,  for  a  weak  invisible 
discharge  occurs  always,  in  all  probability.     Now  raise  slowly  and 
carefully  the  potential,  leaving  the  primary  current  on  no  more 
than  for  an  instant.    At  a  certain  point.,  two,  three,  or  half  a  dozen 
phosphorescent  spots  will   appear  on   the  globe.     These  places 
of  the  glass  are  evidently  more  violently  bombarded  than  others, 
this  being   due   to  the  unevenly   distributed    electric   density, 
necessitated,    of   course,    by    sharp    projections,    or,    generally 
speaking,   irregularities  of  the   electrode.      But   the    luminous 
patches  are  constantly  changing  in  position,  which  is  especially 
well  observable  if  one  manages  to  produce  very  few,  and  this 
indicates    that  the   configuration  of   the    electrode    is    rapidly 
changing. 

From  experiences  of  this  kind  I  am  led  to  infer  that,  in  order 
to  be  most  durable,  the  refractory  button  in  the  bulb  should  be 
in  the  form  of  a  sphere,  with  a  highly  polished  surface.  Such  a 
small  sphere  could  be  manufactured  from  a  diamond  or  some 
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other  crystal,  bnt  a  better  way  would  be  to  fdse,  by  the  employ- 
ment of  extreme  degrees  of  temperatare,  some  oxide — as,  for 
instance,  zirconia — ^into  a  small  drop,  and  then  keep  it  in  the  bulb 
at  a  temperature  somewhat  below  its  point  of  fusion. 

Interesting  and  useful  results  can  no  doubt  be  reached  in  the 
direction  of  extreme  degrees  of  heat.  How  can  such  high  tem- 
peratures be  arrived  at  ?  How  are  the  highest  degrees  of  heat 
reached  in  Nature  ?  By  the  impact  of  stars,  by  high  speeds  and 
collisions.  In  a  collision  any  rate  of  heat  generation  may  be 
attained.  In  a  chemical  process  we  are  limited.  When  oxygen 
and  hydrogen  combine,  they  &11,  metaphorically  speaking,  from  a 
definite  height.  We  cannot  go  very  fer  with  a  blast,  nor  by 
confining  heat  in  a  furnace,  but  in  an  exhausted  bulb  we  can 
concentrate  any  amount  of  energy  upon  a  minute  button. 
Lieaving  practicability  out  of  consideration,  this,  then,  would 
be  the  means  which,  in  my  opinion,  would  enable  us  to  reach 
the  highest  temperature.  But  a  great  diflSculty,  when  pro- 
ceeding in  this  way,  is  encountered :  namely,  in  most  cases 
the  body  is  carried  off  before  it  can  fuse  and  form  a  drop. 
This  difficulty  exists  principally  with  an  oxide  such  as  zirconia, 
because  it  cannot  be  compressed  in  so  hard  a  cake  that  it  would 
not  be  carried  off  quickly.  I  endeavoured  repeatedly  to  fuse 
adrconia,  placing  it  in  a  cup  or  arc  light  carbon  as  indicated  in 
Fig.  23.  It  glowed  with  a  most  intense  light,  and  the  stream 
of  the  particles  projected  out  of  the  carbon  cup  was  of  a  vivid 
white ;  but,  whether  it  was  compressed  in  a  cake  or  made  into  a 
paste  with  carbon,  it  was  carried  off  before  it  ^could  be  fused. 
The  carbon  cup  containing  the  zirconia  had  to  be  mounted  very 
low  in  the  neck  of  a  large  bulb,  as  the  heating  of  the  glass  by  the 
projected  particles  of  the  oxide  was  so  rapid  that  in  the  first  trial 
the  bulb  was  cracked  almost  in  an  instant  when  the  current  was 
turned  on.  The  heating  of  the  glass  by  the  projected  particles 
was  found  to  be  always  greater  when  the  carbon  cup  contained  a 
body  which  was  rapidly  carried  off — I  presume  because  in  such 
cases,  with  the  same  potential,  higher  speeds  were  reached,  and 
also  because,  per  unit  of  time,  more  matter  was  projected — ^that  is, 
more  particles  wouldj  strike  the  glass. 
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The  before-mentioned  difficulty  did  not  exist,  however,  when 
the  body  mounted  in  the  carbon  cup  offered  great  resistance  to 
deterioration.  For  instance,  when  an  oxide  was  first  fused  in  an 
oxygen  blast  and  then  mounted  in  the  bulb,  it  melted  very  readily 
into  a  drop. 

Generally  during  the  process  of  fusion  magnificent  light 
effects  were  noted,  of  which  it  would  be  difficult  to  give  an 
adequate  idea.  Fig.  23  is  intended  to  illustrate  the  effect 
observed  with  a  ruby  drop.  At  first  one  may  see  a  narrow  fdnnel 
of  white  light  projected  against  the  top  of  the  globe,  where  it 
produces  an  irregularly  outlined  phosphorescent  patch.  When 
the  point  of  the  ruby  fuses  the  phosphorescence  becomes  very 
powerful ;  but  as  the  atoms  are  projected  with  much  greater 
speed  from  the  surface  of  the  drop,  soon  the  glass  gets  hot  and 
"  tired,"  and  now  only  the  outer  edge  of  the  patch  glows.  In 
this  manner  an  intensely  phosphorescent,  sharply  defined  line,  Ij 
corresponding  to  the  outline  of  the  drop,  is  produced,  which 
spreads  slowly  over  the  globe  as  the  drop  gets  larger.  When  the 
mass  begins  to  boil,  small  bubbles  and  cavities  are  formed,  which 
cause  dark-coloured  spots  to  sweep  across  the  globe.  The  bulb 
may  be  turned  downwards  without  fear  of  the  drop  falling  off,  as 
the  mass  possesses  considerable  viscosity. 

I  may  mention  here  another  feature  of  some  interest,  which  I 
believe  to  have  noted  in  the  course  of  these  experiments,  though 
the  observations  do  not  amount  to  a  certitude.  It  appeared  that 
under  the  molecular  impact  caused  by  the  rapidly  alternating 
potential  the  body  was  fused,  and  maintained  in  that  state  at  a 
lower  temperature  in  a  highly  exhausted  bulb  than  was  the 
case  at  normal  pressure  and  application  of  heat  in  the  ordinary 
ways — that  is,  at  least,  judging  firom  the  quantity  of  the  light 
emitted.  One  of  the  experiments  performed  may  be  mentioned 
here  by  way  of  illustration.  A  small  piece  of  pumice-stone  was 
stuck  on  a  platinum  wire,  and  first  melted  to  it  in  a  gas  burner. 
The  wire  was  next  placed  between  two  pieces  of  charcoal  and  a 
burner  applied  so  as  to  produce  an  intense  heat,  sufficient  to 
melt  down  the  pumice-stone  into  a  small  glass-like  button.  The 
platinum  wire  had  to  be  taken  of  sufficient  thickness  to  prevent 
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its  melting  in  the  fire.  While  in  the  charcoal  fire,  or  when  held 
in  a  bomer  to  gain  a  better  idea  of  the  degree  of  heat,  the  button 
glowed  with  great  brilliancy.  The  wire  with  the  button  was  then 
mounted  .  in  a  bulb,  and  upon  exhausting  the  same  to  a  high 
degree  the  current  was  turned  on  slowly  so  as  to  prevent  the 
cracking  of  the  button.  The  button  was  heated  to  the  point  of 
fusion,  and  when  it  melted  it  did  not,  apparently,  glow  with  the 
same  brilliancy  as  before ;  and  this  would  indicate  a  lower  tem- 
perature. Leaving  out  of  consideration  the  observer's  possible, 
and  even  probable,  error,  the  question  is,  can  a  body  under  these 
conditions  be  brought  from  a  solid  to  a  liquid  state  with  evolution 
of  ^«  light? 

When   the  potential  of   a  body  is   rapidly  alternated  it  is 

certain   that  the   structure   is  jarred.     When   the    potential  is 

very  high,  although  the  vibrations  may  be  few — say  20,000  per 

second — the  effect    upon   the    structure    may  be    considerable. 

Suppose,  for  example,  that  a  ruby  is  melted  into  a  drop  by  a 

steady  application  of  energy.     When  it  forms  a  drop,  it  will  emit 

visible  and  invisible  waves,  which  will  be  in  a  definite  ratio,  and 

to  the  eye  the  drop  will  appear  to  be  of  a  certain  brilliancy. 

Nex'    ^i^pose  we  diminish  to  any  degree  we  choose  the  energy 

ste  supplied,  and,  instead,  supply  energy  which  rises  and  fieJls 

Br         ng  to  a  certain  law.      Now,  when  the  drop  is   formed, 

will  be  emitted  firom  it  three  different  kinds  of  vibrations — 

ordinary  visible,  and  two  kinds  of  invisible  waves :  that  is, 

ordinary  dark  waves  of  all  lengths,  and,  in  addition,  waves  of  a 

3ll-defined  character.    The  latter  would  not  exist  by  a  steady 

.npply  of  the  energy,  still  they  help  to  jar  and  loosen  the  structure. 

If  this  really  be  the  case,  then  the  ruby  drop  will  emit  relatively 

less  visible  and  more  invisible  waves  than  before.     Thus  it  would 

seem  that  when  a  platinum  wire,  for  instance,  is  fused  by  currents 

alternating  with  extreme  rapidity,  it  emits  at  the  point  of  fusion 

less  light  and  more  invisible  radiation  than  it  does  when  melted 

by  a  steady  current,  though  the  total  energy  used   up  in  the 

process  of  fusion  is  the  same  in  both  cases.     Or,  to  cite  another 

example,  a  lamp  filament  is  not  capable  of  withstanding  as  long 

with  currents  of  extreme  firequency  as  it  does  with  steady  currents, 
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assuming  that  it  be  worked  at  the  same  luminous  intensity. 
This  means  that  for  rapidly  alternating  currents  the  filament 
should  be  shorter  and  thicker.  The  higher  the  frequency — ^that 
is,  the  greater  the  departure  from  the  steady  flow — the  worse  it 
would  be  for  the  filament.  But  if  the  truth  of  this  remark  were 
demonstrated,  it  would  be  erroneous  to  conclude  that  such  a 
refractory  button  as  used  in  these  bulbs  would  be  deteriorated 
quicker  by  currents  of  extremely  high  frequency  than  by  steady 
or  low-frequency  currents.  From  experience  I  may  say  that  just 
the  opposite  holds  good  :  the  button  withstands  the  bombardment 
better  with  currents  of  very  high  frequency.  But  this  is  due  to  the 
fact  that  a  high-frequency  discharge  passes  through  a  rarefied  gas 
with  much  greater  freedom  than  a  steady  or  low-frequency 
discharge,  and  this  will  say  that  with  the  former  we  can  work 
with  a  lower  potential  or  with  It  less  violent  impact.  As  long, 
then,  as  the  gas  is  of  no  consequence,  a  steady  or  low-frequency 
current  is  better ;  but  as  soon  as  the  action  of  the  gas  is  desired 
and  important,  high  frequencies  are  preferable. 

In  the  course  of  these  experiences  great  many  trials  were 
made  with  all  kinds  of  carbon  buttons.  Electrodes  made  of 
ordinary  carbon  buttons  were  decidedly  more  durable  when 
the  buttons  were  obtained  by  the  application  of  enormous 
pressure.  Electrodes  prepared  by  depositing  carbon  in  well- 
known  wajrs  did  not  show  up  well:  they  blackened  the  globe 
very  quickly.  From  many  experiences  I  conclude  that  lamp 
filaments  obtained  in  this  manner  can  be  advantageously  used 
only  with  low  potentials  and  low-frequency  currents.  Some 
kinds  of  carbon  withstand  so  well  that,  in  order  to  bring  them 
to  the  point  of  fiision,  it  is  necessary  to  employ  very  small 
buttons.  In  this  case  the  observation  is  rendered  very  difficult, 
on  account  of  the  intense  light  produced.  Nevertheless,  there 
can  be  no  doubt  that  all  kinds  of  carbon  are  fused  under  the 
molecular  bombardment,  but  the  liquid  state  must  be  one  of 
great  instability.  Of  all  the  bodies  tried,  there  were  two  which 
withstood  best — diamond  and  carborundum.  These  two  showed 
up  about  equally,  but  the  latter  was  preferable,  for  many  reasons. 
As  it  is  more  than  likely  that  this  body  is  not  yet  generally 
known,  I  will  venture  to  call  your  attention  to  it. 
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It  has  been  recently  produced  by  Mr.  E.  Gr.  Acheson,  of 
Monongahela  City,  Pennsylvania,  U.S.A.  It  is  intended  to 
replace  ordinary  diamond  powder  for  polishing  precious  stones, 
&c.,  and  I  have  been  informed  that  it  accomplishes  this  object 
quite  successfully.  I  do  not  know  why  the  name  ^^  carborundum  " 
has  been  given  to  it,  unless  there  is  something  in  the  process 
of  its  manufiacture  which  justifies  this  selection.  Through  the 
kindness  of  the  inventor,  I  obtained  a  short  while  ago  some 
samples  which  I  desired  to  test  in  regard  to  their  qualities  of 
phosphorescence  and  capability  of  withstanding  high  degrees 
of  heat. 

Carborundum  can  be  obtained  in  two  forms — ^in  the  form  of 
^^ crystals"  and  of  powder.  The  former  appear  to  the  naked 
eye  dark-coloured,  but  are  very  brilliant ;  the  latter  is  of  nearly 
the  same  colour  as  ordinar}'  diamond  powder,  but  very  much 
finer.  When  viewed  under  a  microscope,  the  samples  of  crystals 
given  to  me  did  not  appear  to  have  any  definite  form,  but 
rather  resembled  pieces  of  broken-up  egg  coal  of  fine  quality. 
The  majority  were  opaque,  but  there  were  some  which  were 
transparent  and  coloured.  The  crystals  are  a  kind  of  carbon 
containing  some  impurities ;  they  are  extremiely  hard,  and  with- 
stand for  a  long  time  even  an  oxygen  blast.  When  the  blast  is 
directed  against  them,  they  at  first  form  a  cake  of  some  com- 
pactness, probably  in  consequence  of  the  fusion  of  impurities 
they  contain.  The  mass  withstands  for  a  very  long  time  the 
blast  without  further  fusion ;  but  a  slow  carrying  oflF,  or  burning, 
occurs,  and  finally  a  small  quantity  of  a  glass-like  residue  is 
left,  which,  I  suppose,  is  melted  alumina.  When  compressed 
strongly  they  conduct  very  well,  but  not  as  well  as  ordinary 
carbon.  The  powder,  which  is  obtained  from  the  crystals  in  some 
way,  is  practically  non-conducting.  It  affords  a  magnificent 
polishing  material  for  stones. 

The  time  has  been  too  short  to  make  a  satisfactory  study  of 
the  properties  of  this  product,  but  enough  experience  has  been 
gained  in  a  few  weeks  I  have  experimented  upon  it  to  say  that  it 
does  possess  some  remarkable  properties  in  many  respects.  It 
withstands  excessively  high  degrees  of  heat,  it  is  little  deteriorated 
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by  molecular  bombardment*  and  it  does  not  blacken  the  globe  as 
ordinary  carbon  does.  The  only  difficulty  which  I  have  found  in 
its  use  in  connection  with  these  experiments  was  to  find  some 
binding  material  which  would  resist  the  heat  and  the  effect  of  the 
bombardment  as  successfully  as  carborundum  itself  does. 

I  have  here  a  number  of  bulbs  which  I  have  provided  with 
buttons  of  carborundum.  To  make  such  a  button  of  carborundum 
crystals  I  proceed  in  the  following  manner : — ^I  take  an  ordinary 
lamp  filament  and  dip  its  point  in  tar,  or  some  other  thick 
substance  or  paint  which  may  be  readily  carbonised.  I  next  pass 
the  point  of  the  filament  through  the  crystals,  and  then  hold  it 
vertically  over  a  hot  plate.  The  tar  softens  and  forms  a  drop  on 
the  point  of  the  filament,  the  crystals  adhering  to  the  surface  of 
the  drop.  By  regulating  the  distance  firom  the  plate  the  tar  is 
slowly  dried  out  and  the  button  becomes  solid.  I  then  once  more 
dip  the  button  in  tar  and  hold  it  again  over  a  plate  until  the  tar 
is  evaporated,  leaving  only  a  hard  mass  which  firmly  binds  the 
crystals.  When  a  larger  button  is  required,  I  repeat  the  process 
several  times,  and  I  generally  also  cover  the  filament  a  certain 
distance  below  the  button  with  crystals.  The  button  being 
mounted  in  a  bulb,  when  a  good  vacuum  has  been  reached,  first  a 
weak,  and  then  a  strong  discharge  is  passed  through  the  bulb  to 
carbonise  the  tar  and  expel  all  gases,  and  later  it  is  brought  to  a 
very  intense  incandescence. 

When  the  powder  is  used  I  have  found  it  best  to  proceed  as 
follows  : — I  make  a  thick  paint  of  carborundum  and  tar,  and  pass  a 
lamp  filament  through  the  paint.  Taking  then  most  of  the  paint 
off  by  rubbing  the  filament  against  a  piece  of  chamois  leather,  I 
hold  it  over  a  hot  plate  until  the  tar  evaporates  and  the  coating 
becomes  firm.  I  repeat  this  process  as  many  times  as  it  is 
necessary  to  obtain  a  certain  thickness  of  coating.  On  the  point 
of  the  coated  filament  I  form  a  button  in  the  same  manner. 

There  is  no  doubt  that  such  a  button — properly  prepared  under 
great  pressure — of  carborundum,  especially  of  powder  of  the  best 
quality,  will  withstand  the  effect  of  the  bombardment  fully  as 
good  as  anything  we  know.  The  difficulty  is  that  the  binding 
material  givesi  wayj  and  the  carborundum  is  slowly  thrown  off 
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after  some  time.  As  it  does  not  seem  to  blacken  the  globe  in  the 
least,  it  might  be  found  nsefal  for  ooating  the  filaments  of 
ordinary  incandescent  lamps,  and  I  think  that  it  is  even  possible  to 
produce  thin  threads  or  sticks  of  carborundum  which  will  replace 
the  ordinary  filaments  in  an  incandescent  lamp.  A  carborundum 
coating  seems  to  be  more  durable  than  other  coatings,  not  only 
because  the  carborundum  can  withstand  high  degrees  of  heat, 
but  also  because  it  seems  to  unite  with  the  carbon  better  than 
any  other  material  I  have  tried.  A  coating  of  zirconia  or  any 
other  oxide,  for  instance,  is  far  more  quickly  destroyed.  I 
prepared  buttons  of  diamond  dust  in  the  same  manner  as  of 
carborundum,  and  these  came  in  durability  nearest  to  those 
prepared  of  carborundum,  but  the  binding  paste  gave  way  much 
more  quickly  in  the  diamond  buttons :  this,  however,  I  attributed 
to  the  size  and  irregularity  of  the  grains  of  the  diamond. 

It  was  of  interest  to  find  whether  carborundum  possesses  the 
quality  of  phosphorescence.  One  is,  of  course,  prepared  to 
encounter  two  difficulties :  first,  as  regards  the  rough  product, 
the  ^*  crystals,''  they  are  good  conducting,  and  it  is  a  fact  that 
conductors  do  not  phosphoresce;  second,  the  powder,  being 
exceedingly  fine,  would  not  be  apt  to  exhibit  very  prominently  this 
quality,  since  we  know  that  when  crystals,  even  such  as  diamond 
or  ruby,  are  finely  powdered  they  lose  the  property  of  phos- 
phorescence to  a  considerable  degree. 

The  question  presents  itself  here.  Can  a  conductor  phos- 
phoresce ?  What  is  there  in  such  a  body  as  a  metal,  for  instance, 
that  would  deprive  it  of  the  quality  of  phosphorescence,  unless  it 
is  that  property  which  characterises  it  as  a  conductor  ?  for  it  is  a 
&ct  that  most  of  the  phosphorescent  bodies  lose  that  quality 
when  they  are  sufficiently  heated  to  become  more  or  less  conducting. 
Then,  if  a  metal  be  in  a  large  measure,  or  perhaps  entirely, 
deprived  of  that  property,  it  should  be  capable  of  phosphorescence. 
Therefore  it  is  quite  possible  that  at  some  extremely  high 
frequency,  when  behaving  practically  as  a  non-conductor,  a  metal 
or  any  other  conductor  might  exhibit  the  quality  of  phos- 
phorescence, even  though  it  be  entirely  incapable  of  phosphorescing 
under   the    impact    of   a  low-frequency   discharge.      There  is. 
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however,  another  possible  way  how  a  conductor  might  at  least 
ayptar  to  phosphoresce. 

Considerable  doubt  still  exists  as  to  what  really  is  phosphor- 
escence, and  as  to  whether  the  various  phenomena  comprised 
under  this  head  are  due  to  the  same  causes.    Suppose  that  iu 
an  exhausted  bulb,  under  the  molecular  impact,  the  sur£Eu;e  of 
a  piece  of  metal  or  other  conductor  is  rendered  strongly  luminous, 
but  at  the  same  time  it  is  found  that  it  remains  comparatively 
cool,  would  not  this  luminosity  be  called  phosphorescence  ?    Now 
such  a  result,  theoretically  at  least,  is  possible,  for  it  is  a  mere 
question  of  potential,  or  speed.     Assume  the  potential  of  the 
electrode,  and  consequently  the  speed  of  the  projected  atoms, 
to  be  sufficiently  high,  the  surface  of  the  metal  piece  against 
which  the  atoms  are  projected  would  be  rendered  highly  incan- 
descent, since  the  process  of  heat  generation  would  be  incom- 
parably faster  than  that  of  radiating  or  conducting  away  from 
the  surface  of  the  collision.     In  the  eye  of  the  observer,  a  single 
impact  of  the  atoms  would  cause  an  instantaneous  flash;  but  if  the 
impacts  were  repeated  with  sufficient  rapidity,  they  would  produce  a 
continuous  impression  upon'  his  retina.    To  him  then  the  surface 
of  the  metal  would  appear  continuously  incandescent  and  of  con- 
stant luminous  intensity,  while  in  reality  the  light  would  be 
either  intermittent  or  at  least  changing  periodically  in  intensity. 
The  metal  piece  would  rise  in  temperature  until  equilibrium  was 
attained — that  is,  until  the  energy  continuously  radiated  would 
equal  that  intermittently  supplied.     Biit  the  supplied  energy 
might  under  such  conditions  not  be  sufficient  to  bring  the  body 
to  any  more  than  a  very  moderate  mean  temperature,  especially 
if  the  frequency  of  the  atomic  impacts  be  very  low — ^just  enough 
that  the  fluctuation  of  the  intensity  of  the  light  emitted  could 
not  be  detected  by  the  eye.    The  body  would  now,  owing  to  the 
manner  in  which   the  energy  is   supplied,  emit  a  strong  light, 
and  yet  be  at  a  comparatively  very  low  mean  temperature.    How 
could  the  observer  call  the  luminosity  thus  produced  ?    Even  if 
the  analysis  of  the  light  would  teach   him   something  definite, 
still  he  would  probably  rank  it  under  the  phenomena  of  phos- 
phorescence.     It  is  conceivable  that  in  such  a  way  both  con- 
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ducting  and  non-oonduciing  bodies  may  be  maintained  at  a 
certain  lununoos  intensity,  but  the  energy  required  would  very 
greatly  vary  with  the  nature  and  properties  of  the  bodies. 

These  and  some  foregoing  remarks  of  a  speculative  nature 
were  made  merely  to  bring  out  curious  features  of  alternate 
currents  or  electric  impulses.  By  their  help  we  may  cause  a  body 
to  emit  more  light,  while  at  a  certain  mean  temperature,  than  it 
would  emit  if  brought  to  that  temperature  by  a  steady  supply ; 
and,  again,  we  may  bring  a  body  to  the  point  of  fusion,  and  cause 
it  to  emit  lew  light  than  when  fused  by  the  application  of 
energy  in  ordinary  ways.  It  all  depends  on  how  we  supply  the 
energy,  and  what  kind  of  vibrations  we  set  up :  in  one  case  the 
vibrations  are  more,  in  the  other  less,  adapted  to  affect  our  sense 
of  vision. 

Some  effects,  which  I  had  not  observed  before,  obtained  with 
carborundum  in  the  first  trials,  I  attributed  to  phosphorescence, 
but  in  subsequent  experiments  it  appeared  that  it  was  devoid  of 
that  quality.  The  crystals  possess  a  noteworthy  feature.  In  a 
bulb  provided  with  a  single  electrode  in  the  shape  of  a  small 
circular  metal  disc,  for  instance,  at  a  certain  degree  of  exhaustion 
the  electrode  is  covered  with  a  milky  film,  which  is  separated  by 
a  dark  space  from  the  glow  filling  the  bulb.  When  the  metal 
disc  is  covered  with  carborundum  crystals,  the  film  is  far  more 
intense,  and  snow-white.  This  I  found  later  to  be  merely  an  effect 
of  the  bright  surfiu^e  of  the  crystals,  for  when  an  aluminum 
electrode  was  highly  polished  it  exhibited  more  or  less  the  same 
phenomenon.  I  made  a  number  of  experiments  with  the  samples 
of  crystals  obtained,  principally  because  it  would  have  been  of 
special  interest  to  find  that  they  are  capable  of  phosphorescence, 
on  account  of  their  being  conducting.  I  could  not  produce 
phosphorescence  distinctly,  but  I  must  remark  that  a  decisive 
opinion  cannot  be  formed  until  other  experimenters  have  gone 
over  the  same  ground. 

The  powder  behaved  in  some  experiments  as  though  it  con- 
tained alumina,  but  it  did  not  exhibit  with  sufficient  distinctness 
the  red  of  the  latter.  Its  dead  colour  brightens  considerably 
tmder  the  molecular  impact,  but  I  am  now  convinced  Undoes  not 
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phosphoresce.  Still,  the  tests  with  the  powder  are  not  conolosivey 
because  powdered  carborundum  probably  does  not  behave  like  a 
phosphorescent  sulphide,  for  example,  which  could  be  finely 
powdered  without  impairing  the  phosphorescence,  but  rather  like 
powdered  ruby  or  diamond,  and  therefore  it  would  be  necessary,  in 
order  to  make  a  decisive  test,  to  obtain  it  in  a  large  lump  and 
polish  up  the  sur&ce. 

If  the  carborundum  proves  useful  in  connection  with  these 
and  similar  experiments,  its  chief  value  will  be  found  in  the  pro- 
duction of  coatings,  thin  conductors,  buttons,  or  other  electrodes 
capable  of  withstanding  extremely  high  degrees  of  heat. 

The  production  of  a  small  electrode  capable  of  withstanding 
enormous  temperatures  I  regard  as  of  the  greatest  importance  in 
the  manu&cture  of  light.  It  would  enable  us  to  obtain,  by  means 
of  currents  of  very  high  firequencies,  certainly  twenty  times,  if  not 
more,  the  quantity  of  light  which  is  obtained  in  the  present 
incandescent  lamp  by  the  same  expenditure  of  energy.  This 
estimate  may  appear  to  many  exaggerated,  but  in  reality  I  think 
it  is  far  from  being  so.  As  this  statement  might  be  misunder- 
stood, I  think  it  necessary  to  expose  clearly  the  problem  with 
which  in  this  line  of  work  we  are  confronted,  and  the  manner  in 
which,  in  my  opinion,  a  solution  will  be  arrived  at. 

Anyone  who  begins  a  study  of  the  problem  will  be  apt  to 
think  that  what  is  wanted  in  a  lamp  with  an  electrode  is  a  very 
high  degree  of  incandescence  of  the  electrode.  There  he  will  be 
mistaken.  The  high  incandescence  of  the  button  is  a  necessary 
evil,  but  what  is  really  wanted  is  the  high  incandescence  of  the 
gas  surrounding  the  button.  In  other  words,  the  problem  in  such 
a  lamp  is  to  bring  a  mass  of  gas  to  the  highest  possible  incandes- 
cence. The  higher  the  incandescence,  the  quicker  the  mean 
vibration,  the  greater  is  the  economy  of  the  light  production. 
But  to  maintain  a  mass  of  gas  at  a  high  degree  of  incandescence 
in  a  glass  vessel,  it  will  always  be  necessary  to  keep  the  incandes- 
cent mass  away  from  the  glass — ^that  is,  to  confine  it  as  much  as 
possible  to  the  central  portion  of  the  globe. 

In  one  of  the  experiments  this  evening  a  brush  was  produced 
at  the  end  of  a  wire.    This  brush  was  a  flame,  a  source  of  heat 


Digitized  by 


Googk 


18W.]  OF  HIGH  POTENTIAL  AND  HIGH  FREQITENCT.  128 

and  light.     It  did  not  emit  much  perceptible  heat,  nor  did  it 

glow  with  an  intense  light ;    but  is  it  the  less  a  flame  because 

it  does  not  scorch  my  hand  ?  is  it  the  less  a  flame  because  it  does 

not  hurt  my  eye  by  its  brilliancy  ?    The  problem  is  precisely  to 

produce  in  the  bulb  such  a  flame,  much  smaller  in  size,  but 

incomparably  more  powerful.     Were  there  means  at  hand  for 

producing  electric  impulses  of  a  sufficiently  high  frequency,  and 

for  transmitting  them,  the  bulb  could  be  done  away  with,  unless 

it  were  used  to  protect  the  electrode,  or  to  economise  the  energy 

by  confining  the  heat.    But  as  such  means  are  not  at  disposal,  it 

becomes  necessary  to  place  the  terminal  in  a  bulb  and  rarefy  the 

air  in  the  same.    This  is  done  merely  to  enable  the  apparatus  to 

perform  the  work  which  it  is  not  capable  of  performing  at 

ordinary  air  pressure.     In  the  bulb  we  are  able  to  intensify  the 

action  to  any  degree — so  far  that  the  brush  emits  a  powerful  light. 

The  intensity  of  the  light  emitted  depends  principally  on  the 

frequency  and  potential  of  the  impulses,  and  on  the  electric 

density  on  the  surface  of  the  electrode.     It  is  of  the  greatest 

importance  to  employ  the  smallest  possible  button,  in  order  to 

push  the  density  very  fiur.      Under  the  violent  impact  of  the 

molecules  of  the  gas  surrounding  it,  the  small  electrode  is  of 

course  brought  to  an  extremely  high  temperature,  but  around  it 

is  a  mass  of  highly  incandescent  gas,  a  flame  or  photosphere, 

many  hundred   times  the  volume  of  the   electrode.     With  a 

diamond,  carborundum,  or  zircon  ia  button  the  photosphere  can  be 

as   much  as  one  thousand   times  the  volume  of  the  button. 

Without  much  reflecting  one  would  think  that  in  pushing  so  &r 

the    incandescence    of    the   electrode    it    would    be    instantly 

volatilised.     But  after  a  careful  consideration  he  would  find  that, 

theoretically,  it  should  not  occur,  and  in  this  fact — ^which,  however, 

is  experimentally  demonstrated— lies  principally  the  future  value 

of  such  a  lamp. 

At  first,  when  the  bombardment  begins,  most  of  the  work  is 
performed  on  the  surfiice  of  the  button,  but  when  a  highly 
conducting  photosphere  is  formed  the  button  is  comparatively 
relieved.  The  higher  the  incandescence  of  the  photosphere,  the 
more  it  approaches  in  conductivity  to  that  of  the  electrode,  and 
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the  more,  therefore,  the  solid  and  the  gas  form  one  conducting 
body.  The  consequence  is  that,  the  further  is  forced  the  incan- 
descence, the  more  work,  comparatively,  is  performed  on  the  gas, 
and  the  less  on  the  electrode.  The  formation  of  a  powerful 
photosphere  is  consequently  the  very  means  for  protecting  the 
electrode.  This  protection,  of  course,  is  a  relative  one,  and  it 
should  not  be  thought  that  by  pushing  the  incandescence  higher 
the  electrode  is  actually  less  deteriorated.  Still,  theoretically, 
with  extreme  frequencies,  this  result  must  be  reached,  but 
probably  at  a  temperature  too  high  for  most  of  the  refractory 
bodies  known.  Griven,  then,  an  electrode  which  can  withstand 
to  a  certain  very  high  limit  the  effect  of  the  bombardment  and 
outward  strain,  it  would  be  safe  no  matter  how  much  it  is  forced 
beyond  that  limit.  In  an  incandescent  lamp  quite  different 
considerations  apply.  There  the  gas  is  not  at  all  concerned :  the 
whole  of  the  work  is  performed  on  the  filament ;  and  the  life  of 
the  lamp  diminishes  so  rapidly  with  the  increase  of  the  degree  of 
incandescence,  that  economical  reasons  compel  us  to  work  it  at  a 
low  incandescence.  But  if  an  incandescent  lamp  is  operated  with 
currents  of  very  high  fr^uency,  the  action  of  the  gas  cannot  be 
neglected,  and  the  rules  for  the  most  economical  working  must  be 
considerably  modified. 

In  order  to  bring  such  a  lamp  with  one  or  two  electrodes  to  a 
great  perfection,  it  is  necessary  to  employ  impulses  of  very  high 
frequency.  The  high  fr^uency  secures,  among  others,  two  chief 
advantages,  which  have  a  most  important  bearing  upon  the 
economy  of  the  light  production.  Firstly,  the  deterioration  of 
the  electrode  is  reduced  by  reason  of  the  fact  that  we  employ 
a  great  many  small  impacts,  instead  of  few  violent  ones,  which 
shatter  quickly  the  structure ;  secondly,  the  formation  of  a  large 
photosphere  is  facilitated. 

In  order  to  reduce  the  deterioration  of  the  electrode  to  the 
minimum,  it  is  desirable  that  the  vibration  be  harmonic,  for  any 
suddenness  hastens  the  process  of  destruction.  An  electrode 
lasts  much  longer  when  kept  at  incandescence  by  current«,  or 
impulses,  obtained  from  a  high-frequency  alternator,  which  rise 
and  frdl  more  or  less  harmonically,  than  by  impulses  obtained 
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from  a  disraptive  discharge  coil.  In  the  latter  case  there  is  no 
doubt  that  most  of  the  damage  is  done  by  the  fundamental 
sudden  discharges. 

One  of  the  elements  of  loss  in  such  a  lamp  is  the  bombardment 
of  the  globe.     As  the  potential  is  very  high,  the  molecules  are 
projected  with  great  speed ;  they  strike  the  glass,  and  usually 
excite  a  strong  phosphorescence.     The  effect  produced  is  very 
pretty,  but  for  economical  reasons  it  would  be  perhaps  preferable 
to  prevent,  or  at  least  reduce  to  the  minimum,  the  bombardment 
agtfmst  the  globe,  as  in  such  case  it  is,  as  a  rule,  not  the  object 
to  excite  phosphorescence,  and  as  some  loss  of  energy  results  from 
the  bombardment.     This  loss  in  the  bulb  is  principally  depen- 
dent on  the  potential  of  the  impulses,  and  on  the  electric  density 
on  the  surface  of  the  electrode.    In  employing  very  high  fre- 
quencies the  loss  of  energy  by   the  bombardment  is   greatly 
reduced,  for,  firstly,  the  potential  needed  to  perform  a  given 
amount  of  work  is  much  smaller,  and,  secondly,  by  producing  a 
highly  conducting  photosphere  around  the  electrode,  the  same 
result  is  obtamed  as  though  the  electrode  were  much  larger, 
which  is  equivalent  to  a  smaller  electric  density.    But  be  it 
by  the  diminution  of  the  maximum  potential  or  of  the  density, 
the  gain  is  effected  in  the  same  manner,  namely,  by  avoiding 
violent  shocks,  which  strain  the  glass  much  beyond  its  limit 
of  elasticity.     If  the  frequency  could  be  brought  high  enough, 
the   loss  due  to   the  imperfect  elasticity   of  the   glass  would 
be   entirely    negligible.      The    loss    due    to    bombardment    of 
the  globe  may,  however,  be   reduced  by  using  two  electrodes 
instead  of  one.      In  such  case  each  of  the  electrodes  may  be 
connected  to  one  of  the  terminals ;  or  else,  if  it  is  preferable 
to  use  only  one  wire,  one  electrode  may  be  connected  to  one 
terminal,  and  the  other  to  the  ground  or  to  an  insulated  body 
of  some  gurfiekoe,  as,  for  instance,  a  shade  on  the  lamp.    In  the 
latter  case,  unless  some  judgment  is  used,  one  of  the  electrodes 
might  glow  more  intensely  than  the  other. 

But,  on  the  whole,  I  find  it  preferable  when  using  such  high 
frtquencies  to  employ  only  one  electrode  and  one  connecting 
wiie.     I  am  convinced  that  the  illuminating  device  of  th^  near 

Digitized  byVjOOQlC 


126  EXPERIMENTS  WITH  ALTERNATE  CURRENTS     [Fftb.Srd, 

future  will  not  require  for  its  operation  more  than  one  lead, 
and,  at  any  rate,  it  will  have  no  leading-in  wire,  since  the 
energy  required  can  be  as  well  transmitted  through  the  glass. 
In  experimental  bulbs  the  leading-in  wire  is  most  generally  used 
on  account  of  convenience,  as  in  employing  condenser  coatings 
in  the  manner  indicated  in  Fig.  22,  for  example,  there  is  some 
difficulty  in  fitting  the  parts,  but  these  difficulties  would  not 
exist  if  a  great  many  bulbs  were  manufactured ;  otherwise  the 
energy  can  be  conveyed  through  the  glass  as  well  as  through 
a  wire,  and  with  these  high  firequencies  the  losses  are  very 
small.  Such  illuminating  devices  will  necessarily  involve  the 
use  of  very  high  potentials,  and  this,  in  the  eyes  of  practical 
men,  might  be  an  objectionable  feature.  Yet,  in  reality,  high 
potentials  are  not  objectionable — certainly  not  in  the  least  as  &r 
as  the  safety  of  the  devices  is  concerned. 

There  are  two  ways  of  rendering  an  electric  appliance  safe. 
One  is  to  use  low  potentials,  the  other  is  to  determine  the 
dimensions  of  the  apparatus  so  that  it  is  safe  no  matter  how 
high  a  potential  is  used.  Of  the  two,  the  latter  seems  to  me 
the  better  way,  for  then  the  safety  is  absolute,  unaffected  by 
any  possible  combination  of  circumstances,  which  might  render 
even  a  low-potential  appliance  dangerous  to  life  and  property. 
But  the  practical  conditions  require  not  only  the  judicious 
determination  of  the  dimensions  of  the  apparatus ;  they  like- 
wise necessitate  the  employment  of  energy  of  the  proper  kind. 
It  is  easy,  for  instance,  to  construct  a  transformer  capable  of 
giving,  when  operated  from  an  ordinary  alternate-current  machine 
of  low  tension,  say  50,000  volts,  which  might  be  required  to  light 
a  highly  exhausted  phosphorescent  tube,  so  that,  in  spite  of  the 
high  potential,  it  is  perfectly  safe,  the  shock  from  it  producing 
no  inconvenience.  Still,  such  a  transformer  would  be  expensive, 
and  in  itself  inefficient ;  and,  besides,  what  energy  was  obtained 
from  it  would  not  be  economically  used  for  the  production  of 
light.  The  economy  demands  the  employment  of  energy  in  the 
form  of  extremely  rapid  vibrations.  The  problem  of  producing 
light  has  been  likened  to  that  of  maintaining  a  certain  high- 
pitch  note  by  means  of  a  bell.      It   should   be  said  a  han^dy 
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audible  note;  and  even  these  words  would  not  express  it,  so 
wonderful  is  the  sensitiveness  of  the  eye.  We  may  deliver 
powerful  blows  at  long  intervals,  waste  a  good  deal  of  energy, 
and  still  not  get  what  we  want;  or  we  may  keep  up  the  note 
by  delivering  frequent  gentle  taps,  and  get  nearer  to  the  object 
Bought  by  the  expenditure  of  much  less  energy.  In  the  pro- 
duction of  light,  as  fieir  as  the  illuminating  device  is  concerned, 
there  can  be  only  one  rule — ^that  is,  to  use  as  high  frequencies  as 
can  be  obtained;  but  the  means  for  the  production  and  con- 
veyance of  impulses  of  such  character  impose,  at  present  at 
least,  great  limitations.  Once  it  is  decided  to  use  very  high 
frequencies,  the  return  wire  becomes  unnecessary,  and  all  the 
appliances  are  simplified.  By  the  use  of  obvious  means  the  same 
refvult  is  obtained  as  though  the  return  wire  were  used.  It  is 
sufficient  for  this  purpose  to  bring  in  contact  with  the  bulb, 
or  merely  in  the  vicinity  of  the  same,  an  insulated  body  of  some 
surfiace.  This  surface  need,  of  course,  be  the  smaller,  the  higher 
the  frequency  and  potential  used,  and  necessarily,  also,  the 
higher  the  economy  of  the  lamp  or  other  device. 

This  plan  of  working  has  been  resorted  to  on  several  occasions 
this  evening.  So,  for  instance,  when  the  incandescence  of  a 
button  was  produced  by  grasping  the  bulb  with  the  hand,  the 
body  of  the  experimenter  merely  served  to  intensify  the  action. 
The  bulb  used  was  similar  to  that  illustrated  in  Fig.  19,  and  the 
coil  was  excited  to  a  small  potential,  not  sufficient  to  bring  the 
button  to  incandescence  when  the  bulb  was  hanging  from  the 
wire ;  and  incidentally,  in  order  to  perform  the  experiment  in  a 
more  suitable  manner,  the  button  was  taken  so  large  that  a 
perceptible  time  had  to  elapse  before,  upon  grasping  the  bulb,  it 
could  be  rendered  incandescent.  The  contact  with  the  bulb  was  of 
course  quite  unnecessary.  It  is  easy,  by  using  a  rather  large  bulb 
^th  an  exceedingly  small  electrode,  to  adjust  the  conditions  so 
that  the  latter  is  brought  to  bright  incandescence  by  the  mere 
Approach  of  the  experimenter  within  a  few  feet  of  the  bulb,  and 
that  the  incandescence  subsides  upon  his  receding. 

In  another  experiment,  when  phosphorescence  was  excited,  a 
.similar  bulb  was  used.    Here   again,  originally,  the   potential 
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was  not  sufficient  to  excite  phosphorescence  until  the  action  was 
intensified — in  this  case,  however,  to  present  a  different  feature,  by 
touching  the  socket  with  a  metallic  object  held  in  the  hand. 
The  electrode  in  the  bulb  was  a  carbon  button  so  large  that  it 
could  not  be  brought  to  incandescence  and  thereby  spoil  the 
effect  produced  by  phosphorescence. 


Fm,  26. — Improved  Experimental  Biub. 

Again,  in  another  of  the  early  experiments,  a  bulb  was  used 
as  illustrated  in  Fig.  12.  In  this  instance,  by  touching  the  bulb 
with  one  or  two  fingers,  one  or  two  shadows  of  the  stem  inside 
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were  projected  against  the  glass,  the  touch  of  the  finger  producing 
the  same  result  as  the  application  of  an  external  negative 
electrode  under  ordinary  circumstances. 

In  all  these  experiments  the  action  was  intensified  by 
augmenting  the  capacity  at  the  ^nd  of  the  lead  connected  to  the 
terminal.  As  a  rule,  it  is  not  necessary  to  resort  to  such  means, 
and  would  be  quite  unnecessary  with  still  higher  frequencies,  but 
when  it  is  desired,  the  bulb  or  tube  can  be  easily  adapted  to  the 
purpose. 

In  ¥ig.  25,  for  example,  an  experimental  bulb,  Z,  is  shown, 
which  is  provided  with  a  neck,  n,  on  the  top  for  the  application  of 
an  external  tinfoil  coating,  which  may  be  connected  to  a  body  of 


Fio.  26. — improved  Balo  with  inteuMfying  iiedoctur. 

larger  surface.  Such  a  lamp  as  illustrated  in  Fig.  25  may  also  be 
lighted  by  connecting  the  tinfoil  coating  on  the  neck  n  'to  the 
terminal,  and  the  leading-in  wire,  Wy  to  an  insulated  plate.  If  the 
bulb  stands  in  a  socket  upright,  as  shown  in  the  cut,  a  shade  of 
conducting  material  may  be  slipped  in  the  neck  n,  and  the  action 
thus  magnified. 
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A  more  perfected  arrangement  used  in  some  of  these  bulbs  is 
illustrated  in  Fig.  26.  In  this  case  the  construction  of  the  bulb 
is  as  shown  and  described  before,  when  reference  was  made  to 
Fig.  19.  A  zinc  sheet,  Z^  with  a  tubular  extension,  T,  is  slipped 
over  the  metallic  socket,  8.  The  bulb  hangs  downwards  from 
the  terminal,  ^,  the  zinc  sheet  Z  performing  the  double  office  of 
intensifier  and  reflector.  The  reflector  is  separated  from  the 
terminal  ^  by  an  extension  of  the  insulatiniir  plu^,  P. 


;Fnw  27.^Fliotphoreteent  Tube  with  Inteulfyiiig  Befleotor. 

A  similar  disposition  with  a  phosphorescent  tube  is  illustrated 
in  Fig.  27.  The  tube,  T,  is  prepared  from  two  short  tubes  of  a 
different  diameter,  which  are  sealed  on  the  ends.     On  the  lower 

Digitized  byVjOOQlC 


1S02.]  OF  HIGH  POTENTIAL  AND  HIGH  FREQUENCY.  181 

end  is  placed  an  outside  conducting  coating,  (7,  which  connects  to 
the  wire,  w.  The  wire  has  a  hook  on  the  upper  end  for  suspension, 
and  passes  through  the  centre  of  the  inside  tube,  which  is  filled 
with  some  good  and  tightly  packed  insulator.  On  the  outside  of 
the  upper  end  of  the  tube  T  is  another  conducting  coating,  Cu  upon 
which  is  slipped  a  metallic  reflector,  Z,  which  should  be  separated 
by  a  thick  insulation  from  the  end  of  wire  w* 

The  economical  use  of  such  a  reflector  or  intensifier  would 
require  that  all  energy  supplied  to  an  air  condenser  should  be 
recoverable,  or,  in  other  words,  that  there  should  not  be  any 
losses,  neither  in  the  gaseous  medium  nor  through  its  action 
elsewhere.  This  is  far  from  being  so,  but,  fortunately,  the  losses 
may  be. reduced  to  anything  desired.  A  few  remarks  are 
necessary  on  this  subject,  in  order  to  make  the  experiences 
gathered  in  the  course  of  these  investigations  perfectly  clear. 

Suppose  a  small  helix  with  many  well-insulated  turns,  as  in 
experiment  Fig.  17,  has  one  of  its  ends  connected  to  one  of  the 
terminals  of  the  induction  coil,  and  the  other  to  a  metal  plate,  or, 
for  the  sake  of  simplicity,  a  sphere,  insulated  in  space.  When 
the  coil  is  set  to  work,  the  potential  of  the  sphere  is  alternated, 
and  the  small  helix  now  behaves  as  though  its  free  end  were 
connected  to  the  other  terminal  of  the  induction  coil.  If  an  iron 
rod  be  held  within  the  small  helix,  it  is  quickly  brought  to  a 
high  temperature,  indicating  the  passage  of  a  strong  current 
through  the  helix.  How  does  the  insulated  sphere  act  in  this 
case  ?  It  can  be  a  condenser,  storing  and  returning  the  energy 
supplied  to  it,  or  it  can  be  a  mere  sink  of  energy,  and  the 
conditions  of  the  experiment  determine  whether  it  is  more  one 
or  the  other.  The  sphere  being  charged  to  a  high  potential,  it 
acts  inductively  upon  the  surrounding  air,  or  whatever  gaseous 
medium  there  might  be.  The  molecules,  or  atoms,  which  are 
near  the  sphere  are  of  course  more  attracted,  and  move  through 
a  greater  distance  than  the  farther  ones.  When  the  nearest 
molecules  strike  the  sphere  they  are  repelled,  and  collisions  occur 
at  aU  distances  within  the  inductive  action  of  the  sphere.  It  is 
now  clear  that,  if  the  potential  be  steady,  but  little  loss  of  energy 
can  be  caused  in  this  way,  for  the  molecules  which  are  nearest 
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t  >  the  sphere,  having  had  an  additional, charge  imparted  to  them 
by  contact,  are  not  attracted  until  they  have  parted,  if  not  with 
all,  so  with  most  of  the  additional  charge,  which  can  be  accom- 
plished only  after  a  great  many  collisions.  From  the  &ct  that 
with  a  steady  potential  there  is  but  little  loss  in  dry  air,  one 
must  come  to  such  a  conclusion.  When  the  potential  of  the 
sphere,  instead  of  being  steady,  is  alternating,  the  conditions  are 
entirely  different^  In  this  case  a  rhythmical  bombardment 
occurs,  no  matter  whether  the  molecules  after  coming  in  contact 
with  the  sphere  lose  the  imparted  charge  or  not ;  what  is  more, 
if  the  charge  is  not  lost,  the  impacts  are  only  the  more  violent. 
Still,  if  the  frequency  of  the  impulses  be  very  small,  the  loss 
caused  by  the  impacts  and  collisions  would  not  be  serious  unless 
the  potential  were  excessive.  But  when  extremely  high  frequen- 
cies and  more  or  less  high  potentials  are  used,  the  loss  may  be 
very  great.  The  total  energy  lost  per  unit  of  time  is  propor- 
tionate to  the  product  of  the  number  of  impacts  per  second,  or 
the  frequency,  and  the  energy  lost  in  each  impact.  But  the 
energy  of  an  impact  must  be  proportionate  to  the  square  of  the 
electric  density  of  the  sphere,  since  the  charge  imparted  to  the 
molecule  is  proportionate  to  that  density.  I  conclude  from  this 
that  the  total  energy  lost  must  be  proportionate  to  the  product 
of  the  frequency  and  the  square  of  the  electric  density ;  but  this 
law  needs  experimental  confirmation.  Assuming  the  preceding 
considerations  to  be  true,  then,  by  rapidly  alternating  the 
potential  of  a  body  immersed  in  an  insulating  gaseous  medium, 
any  amount  of  energy  may  be  dissipated  into  space.  Most  of 
that  energy,  then,  I  believe,  is  not  dissipated  in  the  form  of  long 
ether  waves,  propagated  to  considerable  distance,  as  is  thought 
most  generally,  but  is  consumed — ^in  the  case  of  an  insulated 
sphere,  for  example — in  impact  and  collisional  losses— that  is,  heat 
vibrations— on  the  surface  and  in  the  vicinity  of  the  sphere.  To 
reduce  the  dissipation  it  is  necessary  to  work  with  a  small  electric 
density — ^the  smaller,  the  higher  the  frequency. 

But  since,  on  the  assumption  before  made,  the  loss  is  diminished 
with  the  square  of  the  density,  and  since  currents  of  very  high 
frequencies  involve  considerable  waste  when  transmitted  through 
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condactors,  it  follows  that,  on  the  whole,  it  is  better  to  employ  one 
wire  than  two.  Therefore,  if  motors,  lamps,  or  devices  of  any 
kind  are  perfected,  capable  of  being  advantageously  operated  by 
currents  of  extremely  high  frequency,  economical  reasons  will 
make  it  advisable  to  use  only  one  wire,  especially  if  the  distances 
are  great. 

When  energy  is  absorbed  in  a  condenser,  the  same  behaves  as 
though  its  capacity  were  increased.    Absorption  exists  more  or  less 
always,  but  generally  it  is  small  and  of  no  consequence  as  long  as 
the  frequencies  are  not  very  great.     In  using  extremely  high 
frequencies,  and,  necessarily,  in  such  case  also  high  potentials, 
the  absorption— or,  what  is  here  meant  more  particularly  by 
this  term,  the  loss  of  energy  due  to  the  presence  of  a  gaseous 
medium— is  an  important  &ctor  to  be  considered,  as  the  energy 
absorbed  in  the  air  condenser  may  be  any  fraction  of  the  sup- 
plied energy.    This  would  seem  to  make  it  very  difficult  to 
tell  from  the  measured  or  computed  capacity  of  an  air  con- 
denser its  actual  capacity  or  vibration  period,  especially  if  the 
condenser  is  of  very  small  surfistoe  and  is  charged  to  a  very 
high  potential.    As  many  important  results  are  dependent  upon 
the  correctness  of  the  estimation  of  the  vibration  period,  this 
subject  demands  the  most  careful  scrutiny  of  other  investigators. 
To  reduce  the  probable  error  as  much  as  possible  in  experiments 
of  the  kind  alluded  to,  it  is  advisable  to  use  spheres  or  plates  of 
large    surfiEtce,  so  as  to  make  the  density  exceedingly  small. 
Otherwise,  when  it  is  practicable,  an  oil  condenser  should  be  used 
in  preference.      In  oil  or  other  liquid    dielectrics    there   are 
seemingly  no  such  losses  as  in  gaseous  media.    It  being  impossible 
to  exclude  entirely  the  gas  in  condensers  with  solid  dielectrics, 
8uch    condensers   should    be    immersed  in  oil,  for  economical 
reasons  if  nothing  else :  they  can  then  be  strained  to  the  utmost 
and  wiir  remain  cool.     In  Leyden  jars  the  loss  due  to  air  is 
comparatively   small,  as  the  tinfoil    coatings    are  large,  close 
together,  and  the  charge i  surfaces  not  directly  exposed;   but 
when  the  potentials  are  very  high,  the  loss  may  be  more  or  less 
considerable  at,  or  near,  the  upper  edge  of  tlie  foil,  where  the  air 
is  principally  acted  upon.    If  the  jar  be  immersed  in  boiled-out 
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oil,  it  will  be  capable  of  perfonning  four  times  the  amount  of 
work  which  it  can  for  any  length  of  time  when  used  in  the 
ordinary  way,  and  the  loss  will  be  inappreciable. 

It  should  not  be  thought  that  the  loss  in  heat  in  an  air 
condenser  is  necessarily  associated  with  the  formation  of  visMe 
streams,  or  brushes.  If  a  small  electrode,  enclosed  in  an  un- 
exhausted bulb,  is  connected  to  one  of  the  terminals  of  the 
coil,  streams  can  be  seen  to  issue  from  the  electrode,  and  the 
air  in  the  bulb  is  heated ;  ij^  instead  of  a  small  electrode,  a  large 
sphere  is  enclosed  in  the  bulb,  no  streams  are  observed,  stiU 
the  air  is  heated. 

Nor  should  it  be  thought  that  the  temperature  of  an  air 
condenser  would  give  even  an  approximate  idea  of  the  loss  in 
heat  incurred,  as  in  such  case  heat  must  be  given  off  much 
more  quickly,  since  there  is,  in  addition  to  the  ordinary  radiation, 
a  very  active  carrying  away  of  heat  by  independent  carriers 
going  on,  and  since  not  only  the  apparatus,  but  the  air  at  some 
distance  from  it,  is  heated  in  consequence  of  the  collisions  which 
must  occur. 

Owing  to  this,  in  experiments  with  such  a  coil,  a  rise  of 
temperature  can  be  distinctly  observed  only  when  the  body 
connected  to  the  coil  is  very  small.  But  with  apparatus  on  a 
larger  scale,  even  a  body  of  considerable  bulk  would  be  heated, 
as,  for  instance,  the  body  of  a  person ;  and  I  think  that  skQled 
physicians  might  make  observations  of  utility  in  such  experi- 
ments, which,  if  the  apparatus  were  judiciously  designed,  would 
not  present  the  slightest  danger. 

A  question  of  some  interest,  principally  £o  meteorologists, 
presents  itself  here.  How  does  the  earth  behave?  The  earth 
is  an  air  condenser,  but  is  it  a  perfect  or  a  very  imperfect  one^ 
a  mere  sink  of  energy?  There  can  be  little  doubt  that  to  any 
small  disturbance,  as  might  be  caused  in  an  experiment,  the 
earth  behaves  as  an  almost  perfect  condenser.  But  it  might 
be  different  when  its  charge  is  set  in  vibration  by  some  sudden 
disturbance  occurring  in  the  heavens.  In  such  case,  as  before 
stated,  probably  only  little  of  the  energy  of  the  vibrations  set 
up  would  be  lost  into  space  in  form  of  long  ether  radiations; 
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but  most  of  the  energy,  I  think,  would  spend  itself  in  molecular 
impacts  and  collisions,  and  pass  off  into  space  in  the  form  of 
short  heat,  and  possibly  light,  waves.  As  both  the  frequency 
of  the  vibrations  of  the  charge  and  the  potential  are  in  all 
probability  excessive,  the  energy  converted  into  heat  may  be 
considerable.  Since  the  density  must  be  unevenly  distributed, 
either  in  consequence  of  the  irregularity  of  the  earth's  surfiu^e, 
or  on  account  of  the  condition  of  the  atmosphere  on  various 
places,  the  effect  produced  would  accordingly  vary  from  place  to 
place.  Considerable  variations  in  the  temperature  and  pressure 
of  the  atmosphere  may  in  this  manner  be  caused  at  any  point 
of  the  sur£EUse  of  the  earth.  The  variations  may  be  gradual  or 
very  sudden,  according  to  the  nature  of  the  original  disturbance, 
and  may  produce  rain  and  storms,  or  locally  modify  the  weather 
in  any  way. 

From  the  remarks  before  made  one  may  see  what  an  im- 
portant fiictor  of  loss  the  air  in  the  neighbourhood  of  a  charged 
surface  becomes  when  the  electric  density  is  great  and  the 
frequency  of  the  impulses  excessive.  But  the  action  as  explain^ 
implies  that  the  air  is  insulating — ^that  is,  that  it  is  composed  of 
independ^it  carriers  immersed  in  an  insulating  medium.  This  is 
the  case  only  when  the  air  is  at  something  like  ordinary  or 
greater,  or  at  extremely  small,  pressure.  When  the  air  is  slightly 
rarefied  and  conducting,  then  true  conduction  losses  occur  also. 
In  such  case,  of  course,  considerable  energy  may  be  dissipated 
into  space  even  with  a  steady  potential,  or  with  impulses  of  I07 
frequency,  if  the  density  is  very  great. 

When  the  gas  is  at  very  low  pressure,  an  electrode  is  heated 
more  because  higher  speeds  can  be  reached.  If  the  gas  around 
the  electrode  is  strongly  compressed,  the  displacements,  and 
consequently  the  speeds,  are  very  small,  and  the  heating  is 
insignificant.  But  if  in  such  case  the  frequency  could  be 
sufficiently  increased,  the  electrode  would  be  brought  to  a  high 
temperature  as  well  as  if  the  gas  were  at  very  low  pressure ;  in 
tacty  exhausting  the  bulb  is  only  necessary  because  we  cannot 
produce  (and  possibly  not  convey)  currents  of  the  required 
finequency. 
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Betuming  to  the  subject  of  electrode  lamps,  it  is  obviously 
of  advantage  in  such  a  lamp  to  confine  as  much  as  possible  the 
heat  to  the  electrode  by  preventing  the  circulation  of  the  gas 
in  the  bulb.  If  a  very  small  bulb  be  taken,  it  would  confine  the 
heat  better  than  a  large  one,  but  it  might  not  be  of  sufficient 
capacity  to  be  operated  from  the  coU,  or,  if  so,  the  glass  might 
get  too  hot.  A  simple  way  to  improve  in  this  direction  is  to 
employ  a  globe  of  the  required  size,  but  to  place  a  small  bulb, 
the  diameter  of  which  is  properly  estimated,  over  the  refiractory 
button  contained  in  the  globe.  This  arrangement  is  illustrated 
in  Fig.  28. 

The  globe,  Z,  has  in  this  case  a  large  neck,  n,  allowing  the 
small  bulb,  &,  to  slip  through.  Otherwise  the  construction  is  the 
same  as  shown  in  Fig.  18,  for  example.  The  small  bulb  is 
conveniently  supported  upon  the  stem,  «,  carrying  the  refractory 
button,  m.  It  is  separated  from  the  aluminum  tube,  a,  by  several 
layers  of  mica,  if,  in  order  to  prevent  the  cracking  of  the  neck 
by  the  rapid  heating  of  the  aluminum  tube  upon  a  sudden  turning 
Qn  of  the  current.  The  inside  bulb  should  be  as  small  as  possible 
when  it  is  desired  to  obtain  light  only  by  incandescence  of  the 
electrode.  If  it  is  desired  to  produce  phosphorescence,  the  bulb 
should  be  larger,  else  it  would  be  apt  to  get  too  hot,  and  the 
phosphorescence  would  cease.  In  this  arrangement  usually  only 
the  small  bulb  shows  phosphorescence,  as  there  is  practically  no 
bombardment  against  the  outer  globe.  In  some  of  these  bulbs 
constructed  as  illustrated  in  Fig.  28  the  small  tube  was  coated 
with  phosphorescent  painty  and  beautiful  effects  were  obtained* 
Instead  of  taking  the  inside  bulb  large,  in  order  to  avoid  undue 
heating,  it  answers  the  purpose  to  make  the  electrode  m  larger. 
In  this  case  the  bombardment  is  weakened  by  reason  of  the 
smaller  electric  density. 

Many  bulbs  were  constructed  on  the  plan  illustrated  in 
Fig.  29.  Here  a  small  bulb,  &,  containing  the  refractory  button, 
m,  upon  being  exhausted  to  a  very  high  degree,  was  sealed  in  a 
large  globe,  Ly  which  was  then  moderately  exhausted  and  sealed 
off.  The  principal  advantage  of  this  construction  was  that  it 
allowed  to  reach  extremely  high  vacua,  and,  at  the  same  time- 
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use  a  large  bulb.  It  was  found,  in  the  course  of  experiences  with 
bulbs  such  as  illustrated  in  Fig.  29,  that  it  was  well  to  make  the 
stem,  8,  near  the  seal  at  e  very  thick,  and  the  leading-in  wire,  w^ 
thin,  as  it  occurred  sometimes  that  the  stem  at  e  was  heated 
and  the  bulb  was  cracked.  Often  the  outer  globe  L  was 
exhausted  only  just  enough  to  allow  the  discharge  to  paiss  through, 
and  the  space  between  the  bulbs  appeared  crimson,  producing  a 
curious  effect.  In  some  cases,  when  the  exhaustion  in  globe  L 
was  very  low,  and  the  air  good  conducting,  it  was  found  necessary, 
in  order  to  bring  the  button  w,  to  high  incandescence,  to  place, 
preferably  on  the  upper,  part  of  the  neck  of  the  globe,  a  tinfoil 
coating  which  was  connected  to  an  insulated  body  to  the  ground, 
or  to  the  other  terminal  of  the  coil,  as  the  highly  conducting 
air  weakened  the  effect  somewhat,  probably  by  being  acted  upon 
inductively  from  the  wire  w  where  it  entered  the  bulb  at  e. 
Another  difficulty — ^which,  however,  is  always  present  when  the 
refractory  button  is  mounted  in' a  very  small  bulb— existed  in  the 
construction  illustrated  in  Fig.  29y  namely,  the  vacuum  in  the 
bulb  b  would  be  impaired  in  a  comparatively  short  time. 

The  chief  idea  in  the  two  last  described  constructions  was  to 
confine  the  heat  to  the  central  portion  of  the  globe  by  preventing 
the  exchange  of  air.  An  advantage  is  secured,  but  owing  to  the 
heating  of  the  inside  bulb,  tod  slow  eva{)oration  of  the  glass,  the 
vacuum  is  hard  to  maintain,  even  if  the  construction  illustrated 
in  Fig.  28  be  chosen,  in  which  both  bulbs  communicate. 

But  by  far  the  better  way — the  ideal  way — would  be  to  reach 
sufficiently  high  frequencies.  The  higher  the  frequency,  the 
slower  would  be  the  exchange  of  the  air,  and  I  think  that  a  fre- 
quency may  be  reached  at  which  there  would  be  no  exchange 
whatever  of  the  air  molecules  around  the  terminal.  We  would 
then  produce  a  flame  in  which  there  would  be  no  carrying  away 
of  material,  and  a  queer  flame  it  would  be,  for  it  would  be  rigid  ! 
With  such  high  frequencies  the  inertia  of  the  particles  would 
•come  into  play.  As  the  brush,  or  flame,  would  gain  rigidity  in 
virtue  of  the  inertia  of  the  particles,  the  exchange  of  the  latter 
would  be  prevented.  This  would  necessarily  occur,  for,  the 
number  of  the  impulses  being  augmented,  the  potential  energy 
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of  each  would  diminish,  so  that  finally  only  atomic  vibrations 
could  be  set  up,  and  the  motion  of  translation  through  measur- 
able space  would  cease.  Thus  an  ordinary  gas  burner  connected 
to  a  source  of  rapidly  alternating  potential  might  have  its 
efficiency  augmented  to  a  certain  limit,  and  this  for  two  reasons —  . 
because  of  the  additional  vibration  imparted,  and  because  of  a 
slowing  down  of  the  process  of  carrying  off.  But  the  renewal 
being  rendered  difficult,  and  renewal  being  necessary  to  maintain 
the  Imnierf  a  continued  increase  of  the  firequency  of  the  impulses, 
assuming  they  could  be  transmitted  to  and  impressed  upon  the 
flame,  would  result  in  the  ^<  extinction  "  of  the  latter,  meaning  by 
this  term  only  the  cessation  of  the  chemical  process. 

I  think,  however,  that  in  the  case  of  an  electrode  immersed 
in  a  fluid  insulating  medium,  and  surrounded  by  indei>endent 
carriers  of  electric  charges,  which  can  be  acted  upon  inductively, 
a  sufficiently  high  firequency  of  the  impulses  would  probably 
result  in  a  gravitation  of  the  gas  all  around  towards  the  electrode. 
For  this  it  would  be  only  necessary  to  assume  that  the  indepen- 
dent bodies  are  irregularly  shaped :  they  would  then  turn  towards 
the  electrode  their  side  of  the  greatest  electric  density,  and  this 
would  be  a  position  in  which  the  fluid  resistance  to  approach 
would  be  smaller  than  that  offered  to  the  receding. 

The  general  opinion,  I  do  not  doubt,  is  that  it  is  out  of 
question  to  reach  any  such  firequencies  as  might— assuming  some 
of  the  views  before  expressed  to  be  true — produce  any  of  the 
results  which  I  have  pointed  out  as  mere  possibilities.  This  may 
be  so,  but  in  the  course  of  these  investigations,  from  the  observer 
tion  of  many  phenomena  I  have  gained  the  conviction  that  these 
firequencies  would  be  much  lower  than  one  is  apt  to  estimate  at 
first.  In  a  flame  we  set  up  light  vibrations  by  causing  molecules, 
or  atoms,  to  collide.  But  what  is  the  ratio  of  the  firequency  of 
the  collisions  and  that  of  the  vibrations  set  up  ?  Certainly  it  must 
be  incomparably  smaller  than  that  of  the  knocks  of  the  bell  and 
the  sound  vibrations,  or  that  of  the  discharges  and  the  oscillations 
of  the  condenser.  We  may  cause  the  molecules  of  the  gas  to 
collide  by  the  use  of  alternate  electric  impulses  of  high  firequency, 
and  so  we  may  imitate  the  process  in  a  flame ;  and  from  experi- 
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ments  with  frequencies  which  we  are  now  able  to  obtain,  I  think 
that  the  result  is  producible  with  impulses  which  are  transmissible 
through  a  conductor. 

In  connection  with  thoughts  of  a  similar  nature,  it  appeared 
to  me  of  great  interest  to  demonstrate  the  rigidity  of  a  vibrating 
gaseous  column.  Although  with  such  low  frequencies  as,  say 
10,000  per  second,  which  I  was  able  to  obtain  without  difficulty 
from  a  specially  constructed  alternator,  the  task  looked  dis- 
couraging at  first,  I  made  a  series  of  experiments.  The  trials 
with  air  at  ordinary  pressure  led  to  no  result,  but  with  air 
moderately  rarefied  I  obtained  what  I  think  to  be  an  unmis- 
takable experimental  evidence  of  the  property  sought  for.  As 
a  result  of  this  kind  might  lead  able  investigators  to  conclusions 
of  importance,  I  will  describe  one  of  the  experiments  performed. 

It  is  well  known  that  when  a  tube  is  slightly  exhausted  the 
discharge  may  be  passed  through  it  in  form  of  a  thin  luminous 
thread.  When  produced  with  currents  of  low  frequency,  obtained 
from  a  coil  operated  as  usual,  this  thread  is  inert.  If  a  magnet 
be  approached  to  it,  the  part  near  the  same  is  attracted  or 
repelled,  according  to  the  direction  of  the  lines  of  force  of  the 
magnet.  It  occurred  to  me  that  if  such  a  thread  would  be 
produced  with  currents  of  very  high  frequency,  it  should  be 
more  or  less  rigid,  and  as  it  was  visible  it  could  be  easily  studied. 
Accordingly  I  prepared  a  tube  about  1  inch  in  diameter  and  1 
metre  long,  with  outside  coating  at  each  end.  The  tube  was 
exhausted  to  a  point  at  which  by  a  little  working  the  thread 
discharge  could  be  obtained.  It  must  be  remarked  here  that  the 
general  aspect  of  the  tube,  and  the  degree  of  exhaustion,  are  quite 
different  than  when  ordinary  low-frequency  currents  are  used. 
As  it  was  found  preferable  to  work  with  one  terminal,  the  tube 
prepared  was  suspended  from  the  end  of  a  wire  connected  to  the 
terminal,  the  tinfoil  coating  being  connected  to  the  wire,  and  to 
the  lower  coating  sometimes  a  smaU  insulated  plate  was  attached. 
When  the  thread  was  formed  it  extended  through  the  upper 
part  of  the  tube  and  lost  itself  in  the  lower  end.  If  it  possessed 
rigidity  it  resembled,  not  exactly  an  elastic  cord  stretched 
tight  between  two  supports,  but  a  cord  suspended  from  a  height 
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with  a  small  weight  attached  on  the  end.  ^lien  the  fioger  or 
a  magnet  was  approached  to  the  upper  end  of  the  luminous 
thread,  it  could  be  brought  locally  out  of  position  by  electrostatic 
or  magnetic  action;  and  when  the  disturbing  object  was  very 
quickly  removed,  an  analogous  result  was  produced,  as  though  a 
suspended  cord  would  be  displaced  and  quickly  released  near  the 
point  of  suspension.  In  doing  this  the  luminous  thread  was  set 
in  vibration,  and  two  very  sharply  marked  nodes,  and  a  third 
indistinct  one,  were  formed.  The  vibration,  once  set  up,  continued 
for  fully  eight  minutes,  dying  gradually  out.  The  speed  of  the 
vibration  often  varied  perceptibly,  and  it  could  be  observed  that 
the  electrostatic  attraction  of  the  glass  affected  the  vibrating 
thread ;  but  it  was  clear  that  the  electrostatic  action  was  not  the 
cause  of  the  vibration,  for  the  thread  was  most  generally  stationary, 
and  could  always  be  set  in  vibration  by  passing  the  finger  quickly 
near  the  upper  part  of  the  tube.  With  a  magnet  the  thread 
ooold  be  split  in  two  and  both  parts  vibrated.  By  approaching 
the  hand  to  the  lower  coating  of  the  tube,  or  insulated  plate  if 
attached,  the  vibration  was  quickened ;  also,  as  £Etr  as  I  could  see, 
by  raising  the  potential  or  frequency.  Thus,  either  increasing 
the  frequency  or  passing  a  stronger  discharge  of  the  same 
frequency  corresponded  to  a  tightening  of  the  cord.  I  did  not 
obtain  any  experimental  evidence  with  condenser  discharges.  A 
luminous  band  excited  in  a  bulb  by  repeated  discharges  of  a 
Leyden  jar  must  possess  rigidity,  and  if  deformed  and  suddenly 
released  should  vibrate.  But  probably  the  amount  of  vibrating 
matter  is  so  small  that  in  spite  of  the  extreme  speed  the  inertia 
cannot  prominently  assert  itself.  Besides,  the  observation  in 
sach  a  case  is  rendered  extremely  difficult  on  account  of  the 
fundamental  vibration. 

The  demonstration  of  the  foot— which  still  needs  .  better 
experimental  confirmation — that  a  vibrating  gaseous  column 
possesses  rigidity,^  might  greatly  modify  the  views  of  thinkers. 
When  with  low  frequencies  and  insignificant  potentials  indications 
of  that  property  may  be  noted,  how  must  a  gaseous  medixmi 
behave  imder  the  influence  of  enormous  electrostatic  stresses 
which  may  be  active  in  the  interstellar  space,  and  which  may 
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alternate  with  inconceivable  rapidity  ?  The  existence  of  sach 
an  electrostatic,  rhythmically  throbbing  force— of  a  vibrating 
electrostatic  field — would  show  a  possible  way  how  solids  might 
have  formed  from  the  ultra-gaseons  uterus,  and  how  transverse 
and  all  kinds  of  vibrations  may  be  transmitted  through  a  gaseous 
medium  filling  all  space.  Then,  ether  might  be  a  true  fluid, 
devoid  of  rigidity,  and  at  rest,  it  being  merely  necessary  as  a 
connecting  link  to  enable  interaction.  What  determines  the 
rigidity  of  a  body  ?  It  must  be  the  speed  and  the  amount  of 
moving  matter.  In  a  gas  the  speed  may  be  considerable,  but  the 
density  is  exceedingly  small;  in  a  liquid  the  speed  would  be 
likely  to  be  small,  ^though  the  density  may  be  considerable ; 
and  in  both  cases  the  inertia  resistance  offered  to  displacement  is 
practically  nil.  But  place  a  gaseous  (or  liquid)  column  in  an 
intense,  rapidly  alternating  electrostatic  field,  set  the  particles 
vibrating  with  enormous  speeds,  then  the  inertia  resistance  asserts 
itsell  A  body  might  move  with  more  or  less  freedom  through 
the  vibrating  mass,  but  as  a  whole  it  would  be  rigid. 

There  is  a  subject  which  I  must  mention  in  connection  with 
these  experiments :  it  is  that  of  high  vacua.  This  is  a  subject 
the  study  of  which  is  not  only  interesting,  but  useful,  for  it  may 
lead  to  results  of  great  practical  importance.  In  commercial 
apparatus,  such  as  incandescent  lamps,  operated  A-om  ordinary 
systems  of  distribution,  a  much  higher  vacuum  than  presently 
obtained  would  not  secure  a  very  great  advantage.  In  such  a 
case  the  work  is  performed  on  the  filament  and  the  gas  is  little 
concerned;  the  improvement,  therefore,  would  be  but  trifling. 
But  when  we  begin  to  use  very  high  firequencies  and  potentials, 
the  action  of  the  gas  becomes  all-important,  and  the  degree  of 
exhaustion  materially  modifies  the  results.  As  long  as  ordinary 
coils,  even  very  large  ones,  were  used,  the  study  of  the  subject  was 
limited,  because  just  at  a  point  when  it  became  most  interesting 
it  had  to  be  interrupted  on  account  of  the  ''  nqn-striking  "  vacuum 
being  reached.  But  presently  we  are  able  to  obtain  from  a  small 
disruptive  discharge  coil  potentials  much  higher  than  even  the 
largest  coil  was  capable  of  giving,  and,  what  is  more,  we  can  make 
the  potential  alternate  with  great  rapidity.    Both  of  these  results 
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enable  us  now  to  pass  a  luminous  discharge  through  most  any 
vacua  obtainable,  and  the  field  of  our  investigations  is  greatly 
extended.  Think  we  as  we  may,  of  all  the  possible  directions 
to  develop  a  practical  illuminant,  the  line  of  high  vacua  seems 
to  be  the  most  promising  at  present.  But  to  reach  extreme 
vacua  the  appliances  must  be  much  more  improved,  and 
ultimate  perfection  will  not  be  attained  until  we  shall  have 
discarded  the  mechanical  and  perfected  an  electrical  vacuum 
pump.  Molecules  and  atoms  can  be  thrown  out  of  a  bulb  under 
the  action  of  an  enormous  potential :  this  will  be  the  principle 
of  the  vacuum  pump  of  the  future.  For  the  present  we  must 
secure  the  best  results  we  can  with  mechanical  appliances. 
In  this  respect  it  might  not  be  out  of  the  way  to  say  a  few  words 
about  the  method  of,  and  apparatus  for,  producing  excessively 
high  degrees  of  exhaustion  of  which  I  have  availed  myself  in  the 
course  of  these  investigations.  It  is  very  probable  that  other 
experimenters  have  used  similar  arrangements;  but  as  it  is 
possible  that  there  may  be  an  item  of  interest  in  their  description, 
a  few  remarks  which  will  render  this  investigation  more  complete 
might  be  permitted. 

The  apparatus  is  illustrated  in  a  drawing  shown  in  Fig.  30. 
8  represents  a  Sprengel  pump,  which  has  been  specially  con- 
structed to  better  suit  the  work  required.  The  stop-cock  which  is 
usually  employed  has  been  omitted,  and  instead  of  it  a  hollow 
stopper,  8,  has  been  fitted  in  the  neck  of  the  reservoir,  R.  This 
stopper  has  a  small  hole,  A,  through  which  the  mercury  descends ; 
the  size  of  the  outlet,  o,  being  properly  determined  with  respect 
to  the  section  of  the  &11  tube,  tj  which  is  sealed  to  the  reservoir 
instead  of  being  connected  to  it  in  the  usual  manner.  This 
arrangement  overcomes  the  imperfections  and  troubles  which 
often  arise  from  the  use  of  the  stop-cock  on  the  reservoir  and  the 
connection  of  the  latter  with  the  fall  tube. 

The  pump  is  connected  through  a  U-shaped  tube,  ^,  to  a  very 
large  reservoir,  Ri.  Especial  care  was  taken  in  fitting  the  grinding 
sarbces  of  the  stoppers,  p  and  pu  and  both  of  these  and  the 
mercury  caps  above  them  were  made  exceptionally  long.  Aiter 
the  U-shaped  tube  was  fitted  and  put  in  place,  it  was  heated,  so 
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as  to  soften  and  take  off  the  strain  resulting  from  imperfect 
fitting.  The  U-shaped  tube  was  provided  with  a  stop-cock,  C,  and 
two  ground  connections,  g  and  ^,— one  for  a  small  bulb,  6, 
usually  containing  caustic  potash,  and  the  other  for^the  receiver, 
r,  to  be  exhausted. 


Fig.  80.— Apparatufl  Uaed  for  Obtaining  Higb  Degroes  of  Exhaustion.      "* 

The  reservoir  Hi  was  connected  by  means  of  a  rubber  tube  to 
a  slightly  larger  reservoir,  ij,,  each  of  the  two  reservoirs  being 
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provided  with  a  stop-cock,  C^  and  Ct,  respectively.  The  reservoir 
12,  could  be  raised  and  lowered  by  a  wheel  and  rack,  and  the 
range  of  its  motion  was  so  determined  that  when  it  was  filled 
with  mercury  and  the  stop-cock  C^  closed,  so  as  to  form  a 
Torricellian  vacuum  in  it  when  raised,  it  could  be  lifted  so  high 
that  the  mercury  in  reservoir  B^  would  stand  a  little  above 
stop-cock  Cx\,  and  when  this  stop-cock  was  closed  and  the 
reservoir  iZg  descended,  so  as  to  form  a  Torricellian  vacuum  in 
reservoir  JBi,  it  could  be  lowered  so  far  as  to  completely  empty 
the  latter,  the  mercury  filling  the  reservoir  22,  up  to  a  little 
above  stop-cock  (7f 

The  capacity  of  the  pump  and  of  the  connections  was  taken 
as  small  as  possible  relatively  to  the  volume  of  reservoir  i2i,  since, 
of  course,  the  degree  of  exhaustion  depended  upon  the  ratio  of 
these  quantities. 

With  this  apparatus  I  combined  the  usual  means  indicated  by 
former  experimenters  for  the  production  of  very  high  vacua.  In 
most  of  the  experiments  it  was  convenient  to  use  caustic  potash. 
I  may  venture  to  say,  in  regard  to  its  use,  that  much  time  is 
saved  and  a  more  perfect  action  of  the  pump  ensured  by  fusing 
and  boiling  the  potash  as  soon  as,  or  even  before,  the  pump  settles 
down.  If  this  course  is  not  followed,  the  sticks,  as  ordinarily 
employed,  may  give  moisture  off  at  a  certain  very  slow  rate,  and 
the  pump  may  work  for  many  hours  without  reaching  a  very  high 
vacuum.  The  potash  was  heated  either  by  a  spirit  lamp,  or  by 
passing  a  discharge  through  it,  or  by  passing  a  current  through  a 
wire  contained  in  it.  The  advantage  in  the  latter  case  was  that 
the  heating  oould  be  more  rapidly  repeated. 

Generally  the  process  of  exhaustion  was  the  following : — At 
the  start,  the  stop-cocks  C  and  (7i  being  open,  and  all  other 
connections  closed,  the  reservoir  22,  was  raised  so  far  that  the 
mercury  filled  the  reservoir  R^  and  a  part  of  the  narrow  con- 
necting U-shaped  tube.  When  the  pump  was  set  to  work,  the 
mercury  would,  of  course,  quickly  rise  in  the  tube,  and  reservoir 
i2|  was  lowered,  the  experimenter  keeping  the  mercury  at  about 
the  same  level.  The  reservoir  12,  was  balanced  by  a  long  spring 
which  fiicilitated  the  operation,  and  the  friction  of  the  parts  was 
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generally  sufficient  to  keep  it  almost  in  any  position.  When  the 
Sprengel  pump  had  done  its  work,  the  reservoir  i2,  was  further 
lowered  and  the  mercury  descended  in  Rg  and  filled  R,,  where- . 
upon  stop-cock  C^  was  closed.  The  air  adhering  to  the  walls  of 
Ri  and  that  absorbed  by  the  mercury  was  carried  off^  and  to  free 
the  mercury  of  all  air  the  reservoir  B^  was  for  a  long  time 
worked  up  and  down.  During  this  process  some  air,  which  would 
gather  below  stop-cock  Cf,  was  expelled  from  R^  by  lowering  it 
fiEur  enough  and  opening  the  stop-cock,  closing  the  latter 
again  before  raising  the  reservoir*  When  all  the  air  had  been 
expelled  from  the  mercury,  and  no  air  would  gather  in  R^  when 
it  was  lowered,  the  caustic  potash  was  resorted  to.  The 
reservoir  R^  was  now  again  raised  until  the  mercury  in  Ri  stood 
above  stop-cock  Ci.  The  caustic  potash  was  frised  and  boiled,  and 
the  moisture  partly  carried  off  by  the  pump  and  partly 
re-absorbed ;  and  this  process  of  heating  and  cooling  was  repeated 
many  Umes,  and  each  time,  upon  the  moisture  being  absorbed  or 
carried  off,  the  reservoir  22,  was  for  a  long  time  raised  and 
lowered.  In  this  manner  all  the  moisture  was  carried  off  from 
the  mercury,  and  both  the  reservoirs  were  in  proper  condition  to 
be  used.  The  reservoir  Rt  was  then  again  raised  to  the  top,  and 
the  pump  was  kept  working  for  a  long  time.  When  the  highest 
vacuum  obtainable  with  the  pump  had  been  reached,  the  potash 
bulb  was  usually  wrapped  with  cotton  which  was  sprinkled  with 
ether  so  as  to  keep  the  potash  at  a  very  low  temperature,  then 
the  reservoir  iZ,  was  lowered,  and  upon  reservoir  R^  being 
emptied  the  receiver  r  was  quickly  sealed  up. 

When  a  new  bulb  was  put  on,  the  mercury  was  always  raised 
above  stop-cock  Cx,  which  was  closed,  so  as  to  always  keep  the 
mercury  and  both  the  reservoirs  in  fine  condition,  and  the 
mercury  was  never  withdrawn  from  R^  except  when  the  pump 
had  reached  the  highest  degree  of  exhaustion.  It  is  necessary  to 
observe  this  rule  if  it  is  desired  to  use  the  apparatus  to  advantage. 

By  means  of  this  arrangement  I  was  able  to  proceed  very 
quickly,  and  when  the  apparatus  was  in  perfect  order  it  was 
possible  to  reach  the  phosphorescent  stage  in  a  small  bulb  in  less 
than  15  minutes,  which  is  certainly  very  quick  work  for  a  small 
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laboratory  arrangement  requiring  all  in  all  about  100  pounds 
of  mercury.  With  ordinary  small  bulbs  the  ratio  of  the  capacity 
of  the  pump,  receiver,  and  connections,  and  that  of  reservoir  R 
was  about  1-20,  and  the  degrees  of  exhaustion  reached  were 
necessarily  very  high,  though  I  am  unable  to  make  a  precise  and 
reliable  statement  how  far  the  exhaustion  was  carried. 

What  impresses  the  investigator  most  in  the  course  of  these 
experiences  is  the  behaviour  of  gases  when  subjected  to  great 
rapidly  alternating  electrostatic  stresses.  But  he  must  remain  in 
doubt  as  to  whether  the  effects  observed  are  due  wholly  to  the 
molecules,  or  atoms,  of  the  gas  which  chemical  analysis  discloses  to 
us,  or  whether  there  enters  into  play  another  medium  of  a  gaseous 
nature,  comprising  atoms,  or  molecules,  immersed  in  a  fluid 
pervading  the  space.  Such  a  medium  surely  must  exist,  and  I 
am  convinced  that,  for  instance,  even  if  air  were  absent,  the 
Btir&ce  and  neighbourhood  of  a  body  in  space  would  be  heated 
by  rapidly  alternating  the  potential  of  the  body ;  but  no  such 
heating  of  the  surface  or  neighbourhood  could  occur  if  all  free 
atoms  were  removed  and  only  a  homogeneous,  incompressible,  and 
elastic  fluid — such  as  ether  is  supposed  to  be — would  remain,  for 
then  there  would  be  no  impacts,  no  collisions.  In  such  a  case,  as 
far  as  the  body  itself  is  concerned,  only  frictional  losses  in  the 
inside  could  occur. 

It  is  a  striking  fact  that  the  discharge  through  a  gas  is 
established  with  ever-increasing  freedom  as  the  frequency  of  the 
impulses  is  augmented.  It  behaves  in  this  respect  quite  con- 
trarily  to  a  metallic  conductor.  In  the  latter  the  impedance 
enters  prominently  into  play  as  the  frequency  is  increased,  but 
the  gas  acts  much  like  a  series  of  condensers  would :  the  facility 
with  which  the  discharge  passes  through  seems  to  depend  on  the 
rate  of  change  of  potential.  If  it  act  so,  then  in  a  vacuum  tube 
even  of  great  length,  and  no  matter  how  strong  the  current,  self- 
induction  could  not  assert  itself  to  any  appreciable  degree.  We 
have,  then,  as  far  as  we  can  now  see,  in  the  gas  a  conductor  which 
is  capable  of  transmitting  electric  impulses  of  any  frequency  which 
we  may  be  able  to  produce.  Could  the  frequency  be  brought 
high  enough,  then  a  queer  system  of  electric  distribution,  which 
VOL.  XXI.  11  n        } 
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would  be  likely  to  interest  gas  companies,  might  be  realised: 
metal  pipes  filled  with,  gas^the  metal  being  the  insulator,  the 
gas  the  conductor— supplying  phosphorescent  bulbs,  or  perhaps 
^devices  as  yet  uninvented.  It  is  certainly  possible  to  take  a 
hdlow  tore  of  copper,  rarefy  the  gas  in  the  same,  and  by  passing 
impulses  of  sufficiently  high  frequency  through  a  circuit  around 
^it,  bring  the  gas  inside  to  a  high  degree  of  incandescence ;  but  as 
to  the  nature  of  the  forces  there  would  be  considerable  uncertainty, 
for  it  would  be  doubtful  whether  with  such  impulses  the  copper 
tore  would  act  as  a  static  screen.  Such  paradoxes  and  apparent 
impossibilities  we  encounter  at  every  step  in  this  line  of  work, 
and  therein  lies,  to  a  great  extent,  the  charm  of  the  study. 

I  have  here  a  short  and  wide  tube  which  is  exhausted  to  a 
high  degree  and  covered  with  a  substantial  coating  of  bronze,  the 
coating  allowing  barely  the  light  to  shine  through.  A  metallic 
clasp,  with  a  hook  for  suspending  the  tube,  is  fastened  around 
the  middle  portion  of  the  latter,  the  clasp  being  in  contact  with 
the  bronze  coating.  I  now  want  to  light  the  gas  inside  by 
suspending  the  tube  on  a  wire  connected  to  the  coil.  Anyone 
who  would  try  the  experiment  for  the  first  time,  not  having  any 
previous  experience,  would  probably  take  care  to  be  quite  alone 
when  making  the  trial,  for  fear  that  he  might  become  the  joke  of 
his  assistants.  Still,  the  bulb  lights  in  spite  of  the  metal  coating, 
and  the  light  can  be  distinctly  perceived  through  the  latter.  A 
long  tube  covered  with  aluminum  bron:;e  lights  when  held  in  one 
hand — ^the  other  touching  the  terminal  of  the  coil^-quite  power- 
fully. It  might  be  objected  that  the  coatings  are  not  sufficiently 
conducting ;  still,  even  if  they  were  highly  resistant,  they  ought 
to  screen  the  gas.  They  certainly  screen  it  perfectly  in  a  con- 
dition of  rest,  but  not  by  far  perfectly  when  the  charge  is  surging 
in  the  coating.  But  the  loss  of  energy  which  occurs  within  the 
tube,  notwithstanding  the  screen,  is  occasioned  principally  by  the 
presence  of  the  gas.  Were  we  to  take  a  large  hollow  metallic 
sphere  and  fill  it  with  a  perfect  incompressible  fluid  dielectric, 
there  would  be  no  loss  inside  of  the  sphere,  and  consequently 
the  inside  might  be  considered  as  perfectly  screened,  though  the 
potential  be  very  rapidly  alternating.       Even  were  the   sphere 
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filled  with  cHj  the  loss  would  be  incomparablj  smaller  than  when 
^the  fluid  is  replaced  bj  a  gas,  for  in  the  latter  case  thl&' force 
prodaces  displacements:  that  means  impact  and  collisions  in 
the  inside. 

No  matter  what  the  pressore  of  the  gas  may  be,  it  becomes 
*an  important  factor  in  the  heating  of  a  conductor  when  the 
electric  density  is  great  and  the  frequency  very  high.    That  in 
the  heating  of  conductors  by  lightning  discharges  air  is  an 
element  of  great  importance,  is  almost  as  certain  as  an  experi- 
mental bet.    I  may  illustrate  the  action  of  the  air  by  the 
following  experiment : — I  take  a  short  tube  which  is  exhausted  to 
n  moderate  degree  and  has  a  platinimi  wire  running  through  the 
midcHe  from  one  end  to  the  other.     I  pass  a  steady  or  low- 
frequency  current  through  the  wire,  and  it  is  heated  uniformly  in 
tSl  parts.    The  heating  here  is  due  to  conduction,  or  frictional 
losses,  and  the  gas  around  the  wire  has — ^as  far  as  we  can  see — ^no 
function  to  perform.    But  now  let  me  pass  sudden  discharges,  or 
a  high-frequency  current,  through  the  wire.    Again  the  wire  is 
heated,  this  time  principally  on  the  ends  and  least  in  the  middle 
portion ;  and  if  the  frequency  of  the  impulses,  or  the  rate  of  change, 
ts  high  enough,  the  wire  might  as  well  be  cut  in  the  middle  as 
not,  for  practically  all  the  heating  is  due  to  the  rarefied  gas. 
Here  the  gas  might  only  act  as  a  conductor  of  no  impedance 
diverting  the  current  from  the  wire  as  the  impedance  of  the 
latter  is  enormously  increased,  and  merely  heating  the  ends  of 
the  wire  by  reason   of  their  resistance  to  the  passage  of  the 
discharge.    But  it  is  not  at  all  necessary  that  the  gto  in  the  tube 
should  be  conducting ;  it  might  be  at  an  extremely  low  pressure, 
still  the  ends  of  the  wire  would  be  heated — as,  however,  is 
ascertained  by  experience— only  the  two  ends  would  in  such  case 
not  be  electrically  connected  through  the  gaseous  medium.    Now 
what  with  these  frequencies  and  potentials  occurs  in  an  exhausted 
tube  occurs  in  the  lightning  discharges  at  ordinary  pressure.    We 
only  need  remember  one  of  the  facts  arrived  at  in  the  course  of 
these  investigations,  namely,  that  to  impulses  of  very  high  frequency 
the  gas  at  ordinary  pressure  behaves  much  in  the  same  manner 
as  though  it  were  at  moderately  low  pressure.     I  think  that  in 
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lightning  discharges  freqaently  wires  or  condacting  objects  are 
volatilised  merely  because  air  is  present,  and  that,  were  the 
conductor  immersed  in  an  insulating  liquid,  it  would  be  safe,  for 
then  the  energy  would  have  to  spend  itself  somewhere  else*  From 
the  behaviour  of  gases  to  sudden  impulses  of  high  potential  I 
am  led  to  conclude  that  there  can  be  no  surer  way  of  diverting  a 
lightning  discharge  than  by  affording  it  a  passage  through  a 
volume  of  gas,  if  such  a  thing  can  be  done  in  a  practical  manner* 

There  are  two  more  features  upon  which  I  think  it  necessary 
to  dwell  in  connection  with  these  experiments — ^the  ''radiant 
"  state  "  and  the  "  non-striking  vacuum.'* 

Anyone  who  has  studied  Crookes's  work  must  have  received 
the  impression  that  the  "radiant  state"  is  a  property  of  the 
gas  inseparably  connected  with  an  extremely  high  degree  of 
exhaustion.  But  it  should  be  remembered  that  the  phenomena 
observed  in  an  exhausted  vessel  are  limited  to  the  character  and 
capacity  of  the  apparatus  which  is  made  use  of.  I  think  that  in 
a  bulb  a  molecule,  or  atom,  does  not  precisely  move  in  a  straight 
line  because  it  meets  no  obstacle,  but  because  the  velocity 
imparted  to  it  is  sufficient  to  propel  it  in  a  sensibly  straight 
line.  The  mean  free  path  is  one  thing,  but  the  velocity — the 
energy  associated  with  the  moving  body — ^is  another,  and  under 
ordinary  circumstances  I  believe  that  it  is  a  mere  question  of 
potential,  or  speed.  A  disruptive  discharge  coil,  when  the 
potential  is  pushed  very  far,  excites  phosphorescence  and  projects 
shadows,  at  comparatively  low  degrees  of  exhaustion.  In  a  light- 
ning discharge,  matter  moves  in  straight  lines  at  ordinary  pressure 
when  the  mean  free  path  is  exceedingly  small,  and  frequently 
images  of  wires  or  other  metallic  objects  have  been  produced  by 
the  particles  thrown  off  in  straight  lines. 

I  have  prepared  a  bulb  to  illustrate  by  an  experiment  the 
correctness  of  these  assertions.  In  a  globe,  L  (Fig.  31),  I  have 
mounted  upon  a  lamp  filament,  /,  a  piece  of  lime,  L  The  lamp 
filament  is  connected  with  a  wire  which  leads  into  the  bulb,  and 
the  general  construction  of  the  latter  is  as  indicated  in  Fig.  19, 
before  described.  The  bulb  being  suspended  from  a  wire  con- 
nected to  the  terminal  of  the  coil,  and  the  latter  being  set  to 
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work,  the  lime  piece  {  and  the  projecting  parts  of  the  filament/ 
are  bombarded.  The  degree  of  exhaustion  is  just  such  that  with 
the  potential  the  coil  is  capable  of  giving  phosphorescence  of  the 
glass  is  produced,  but  disappears  as  soon  as  the  vacuum  is 
impaired.  The  lime  containing  moisture,  Mid  moisture  being 
given  off  as  soon  as  heating  occurs,  the  phosphorescence  lasts 
only  for  a  few  moments.     When  the  lime  has  been  suflSdently 


Fio.  81. — ^Balb  showing  Kadiant  Lime  Stream 
at  Low  Ezhanstion. 

heated,  enough  moisture  has  been  given  off  to  impair  materially 
the  vacuum  of  the  bulb.  As  the  bombardment  goes  on,  one 
point  of  the  lime  piece  is  more  heated  than  other  points,  and  the 
result  is  that  finally  practically  all  the  discharge  passes  through 
that  point  which  is  intensely  heated,  and  a  white  stream  of  lime 
particles  (Fig.  31)  then  breaks  forth  from  that  point.  This 
stream  is  composed  of  ^^^radiant"  matter,  yet  the  degree  of 
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exhaustion  is  low.     But  the  particles  move  in  straight  lines- 
because  the  velocity  imparted  to  them  is  great,  and  this  is  due  to: 
three  causes — ^to  the  great  electric  density,  the  high  temperature  - 
of  the  small  point,  and  the  fact  that  the  particles  of  the  lime  ar& 
easily  rtom  and  thrown  off — ^far  more  easily  than  those  ofcatbon^  - 
With  frequencies  such  as  we  are  able  to  obtain,  the  partides  are 
bodily  thrown  off  and  projected  to  a  considerate  distance ;  but« 
with  sufficiently  high  frequencies  no  such  thing  would  occur :  in 
such  case  only  a  stress  would  spread  or  a  vibration  would  be 
propagated  through  the  bulb.    It  would  be  out  of  question  to 
reach  any  such  frequency  on  the  assumption  that  the  atoms  move 
with  the  speed  of  light;  but  I  believe  that -such  a  thing  is 
impossible:  for  this  an  enormous  potential  would  be  required. 
With    potentials    which  we  are   able  to  obtain,  even  with   a 
disruptive  discharge  coil^  the  speed  must  be  quite  insignificant. 

As  to  the  ^'non-striking  vacuum,"  the  point  to  be  noted  is 
that  it  can  occur  only  with  low-frequency  impulses,  and  it  is 
necessitated  by  the  impossibility  of  carrying  off  enough  energy 
with  such  impulses  in  high  vacuum,  since  the  few  atoms  which 
are  around  the  terminal,  upon  coming  in  contact  with  the  same 
are  repelled  and  kept  at  a  distance  for  a  comparatively  long  period 
of  time,  and  not  enough  work  can  be  performed  as  to  render  the 
effect  perceptible  to  the  eye.  If  the  difference  of  potential 
between  the  terminals  is  raised,  the  dielectric  breaks  down.  But 
with  very  high  frequency  impulses  there  is  no  necessity  for  such 
breaking  down,  since  any  amount  of  work  can  be  performed  by 
continually  agitating  the  atoms  in  the  exhausted  vessel,  provided 
the  frequency  is  high  enough.  It  is  easy  to  reach — even  with 
frequencies  obtained  from  an  alternator  as  here  used — a  stage  at 
which  the  discharge  does  not  pass  between  two  electrodes  in  a 
narrow  tube,  each  of  these  being  connected  to  one  of  the  terminals 
of  the  coil,  but  it  is  difficult  to  reach  a  point  at  which  a  luminous 
discharge  would  not  occur  aroimd  each  electrode. 

A  thought  which  naturally  presents  itself  in  oonnectipn  with 
high-frequency  currents  is,  to  make  use  of  their  powerful  electro-, 
dynamic  inductive  action  to  produce  light  effects  in  a  sealed  glass 
globe.    The  leading-iji  wire  is  one  of  the  defects  of  the  present 
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incandescent  lamp,  and  if  no  other  improvement  were  made,  that . 
imperfection  at  least  should  be  done  away  with.  Following  this 
thought,  I  have  carried  on  experiments  in  various  directions,  of 
which  some  were  indicated  in  my  former  paper.  I  may  here 
mention  one  or  two  more  lines  of  experiment  which  have  been 
followed  up. 

Many  bulbs  were  constructed  as  shown  in  P^ig.  32  and  Fig.  33. 


Via,  S2.«-Eieetro-d7iiaiiiM  Fio,  33.*-£ljectro-d7oai]iic  Inductioa 

Indactioa  Tube.  Lamp. 

In  Fig.  32  a  wide  tube,  T,  was  sealed  to  a  smaller  W-shaped 
tube,  IT,  of  phosphorescent  glass.  In  the  tube  T  was  placed  a 
coil,  Cy  of  aluminum  wire,  the  ends  of  which  were  provided  with 
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small  spheres,  t  and  ^i,  of  aluminum,  and  reached  into  the  IT  tube. 
The  tube  T  was  slipped  into  a  socket  containing  a  primary  coil 
through  which  usually  the  discharges  of  Leyden  jars  were 
directed,  and  the  rarefied  gas  in  the  small  U  tube  was  excited  to 
strong  luminosity  by  the  high-tension  currents  induced  in  the 
coil  (7.  When  Leyden  jar  discharges  were  used  to  induce 
currents  in  the  coil  (7,  it  was  found  necessary  to  pack  the  tube  T 
tightly  with  insulating  powder,  as  a  discharge  would  occur 
frequently  between  the  turns  of  the  coil,  especially  when  the 
primary  was  thick  and  the  air  gap,  through  which  the  jars 
discharged,  large,  and  no  little  trouble  was  experienced  in  this 
way. 

In  Fig.  33  is  illustrated  another  form  of  the  bulb  constructed. 
In  this  case  a  tube,  T,  is  sealed  to  a  globe,  L.  The  tube  contains 
a  coil,  Cy  the  ends  of  which  pass  through  two  small  glass  tubes, 
t  and  ^,  which  are  sealed  to  the  tube  T.  Two  refractory  buttons, 
m  and  m^,  are  mounted  on  lamp  filaments  which  are  fastened  to  the 
ends  of  .the  wires  passing  through  the  glass  tubes  t  and  ^. 
Generally  in  bulbs  made  on  this  plan  the  globe  L  communicated 
with  the  tube  T.  For  this  purpose  the  endd  of  the  small  tubes 
t  and  ti  were  just  a  trifle  heated  in  the  burner,  merely  to  hold 
the  wires,  but  not  to  interfere  with  the  communication.  The 
tube  T,  with  the  small  tubes,  wires  through  the  same,  and  the 
refractory  buttons  m  and  7n„  was  first  prepared,  and  then  sealed 
to  globe  Z,  whereupon  the  coil  C  was  slipped  in  and  the 
connections  made  to  its  ends.  The  tube  was  then  packed  with 
insulating  powder,  janmiing  the  latter  as  tight  as  possible  up  to 
very  nearly  the  end,  then  it  was  closed  and  only  a  small  hole  left 
through  which  the  remainder  of  the  powder  was  introduced,  and 
finally  the  end  of  the  tube  was  closed.  Usually  in  bulbs  con- 
structed as  shown  in  Fig.  33  an  aluminum  tube,  a,  was  fastened 
to  ttie  upper  end,  «,  of  each  of  the  tubfes  t  and  ti,  in  order*  to 
protect  that  end  against  the  heat.  The  buttons  m  and  m^  could 
be  brought  to  any  degree  of  incandescence  by  passing  the 
discharges  of  Leyden  jars  around  the  coil  C»  In  such  bulbs  with 
two  buttons  a  very  curious  effect  is  produced  by  the  formation  of 
the  shadows  of  each  of  the  two  buttons. 
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Another  line  of  experiment^  which  has  been  assiduously 
followed,  was  to  induce  by  electro-dynamic  induction  a  current  or 
luminous  discharge  in  an  exhausted  tube  or  bulb.  This  matter 
has  received  such  an  able  treatment  at  the  hands  of  Professor  J. 
J.  Thomson,  that  I  could  add  but  little  to  what  he  has  made 
known,  even  had  I  made  it  the  special  subject  of  this  lecture. 
Still,  since  experiences  in  this  line  have  gradually  led  me  to  the 
present  views  and  results,  a  few  words  must  be  devoted  here  to 
this  subject. 

It  has  occurred,  no  doubt,  to  many,  that  as  a  vacuum  tube  is 
made  longer  the  electro-motive  force  per  unit  length  of  the  tube, 
necessary  to  pass  a  luminous  discharge  through  the  latter,  gets 
continually  smaller;  therefore,  if  the  exhausted  tube  be  made 
long  enough,  even  with  low  frequencies  a  luminous  discharge 
could  be  induced  in  such  a  tube  closed  upon  itself.  Such  a  tube 
might  be  placed  aroimd  a  hall  or  on  a  ceiling,  and  at  once  a 
simple  appliance  capable  of  giving  considerable  light  would  be 
obtained.  But  this  would  be  an  appliance  hard  to  manufacture 
and  extremely  unmanageable.  It  would  not  do  to  make  the  tube 
up  of  small  lengths,  because  there  would  be  with  ordinary 
frequencies  considerable  loss  in  the  coatings,  and  besides,  if 
coatings  were  used,  it  would  be  better  to  supply  the  current 
directly  to  the  tube  by  connecting  the  coatings  to  a  transformer. 
But  even  if  all  objections  of  such  nature  were  removed,  still,  with 
low  frequencies  the  light  conversion  itself  would  be  inefficient,  as 
I  have  before  stated.  In  using  extremely  high  frequencies  the 
length  of  the  secondary — ^in  other  words,  the  size  of  the  vessel— can 
be  reduced  as  far  as  desired,  and  the  efficiency  of  the  light  con- 
version is  increased,  provided  that  means  are  invented  for 
efficiently  obtaining  such  high  frequencies.  Thus  one  is  led,  from 
theoretical  and  practical  considerations,  to  the  use  of  high 
frequencies,  and  this  means  high  electro-motive  forces  and  small 
currents  in  the  primary.  When  he  works  with  condenser  charges 
—and  these  are  the  only  means  up  to  the  present  known  for 
reaching  these  extreme  frequencies — ^he  gets  to  electro-motive 
forces  of  several  thousands  of  volts  per  turn  of  the  primary.  He 
cannot  multiply  the  electro-dynamic  inductive  effect  by  taking 
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more  turns  in  the  primary,  fot  he  arrives  at  the  conclusion  that 
the  best  way  is  to  work  with  one  single  turn — ^though  he  most 
sometimes  depart  from  this  rule — and  he  must  get  along  with 
whatever  inductive  effect  he  can  obtain  with  one  turn.  But 
before  he  has  long  experimented  with  the  extreme  fr^uencies 
required  to  set  up  in  a  small  bulb  an  electro-motive  foice  of 
several  thoutonds  of  volts,  he  realises  the  great  importance  of 
electrostatic  effects,  and  these  effects  grow  relatively  to  the 
electro-dynamic  in  significance  as  the  frequency  is  increased. 

NoW|  if  anjrthing  is  desirable  in  this  case,  it  is  to  increase 
the  frequency,  and  this  wbuld  make  it  still  worse  for  the  electro* 
dynamic  effects.  On  the  other  hand,  it  is  easy  to  exalt  the 
electrostatic  action  as  &r  as  one  likes  by  taking  niore  turns  on 
&t  secondary,  or  combining  self-induction  and  capacity  to  raise 
t^e  potential.  It  should  also  be  remenibered'that,  in  reducing 
the  curreint  to  the  smallest  value  and  increasing  the  potential, 
the  electric  impulses  of  high  frequency  can  be  more  easily 
transmitted  through  a  conductor. 

These  and  similar  thoughts  determined  me  to  devote  more 
attention  to  the  electrostatic  phenomena,  and  to  endeavoitr  to 
produce  potentials  as  high  as  possible,  and  alternating  as  fast  as 
they  could  be  made  to  alternate.  I  then  found  that  I  could 
excite  vacuum  tubes  at  considerable  distance  from  a  conductor 
connected  to  a  properly  constructed  coil,  and  that  I  could,  by 
converting  the  oscillatory  current  of  a  condenser  to  a  higher 
potential,  establish  electrostatic  alternating  fields  whidh  acted 
through  the  whole  extent  of  a  room,  lighting  up  a  tube  no 
matter  where  it  was  held  in  space.  I  thought  to  recognise  that 
I  had  made  a  step  in  advance,  and  I  have  persevered  in  this  line; 
but  I  wish  to  say  that  I  share  with  all  lovers  of  science  and 
progress  the  one  and  only  desire — to  reach  a  result  of  utility 
to  men  in  any  direction  to  which  thought  or  experiment  may 
lead  me.  I  think  that  this  departure  is  the  right  cme,  for  I 
cannot  see,  from  the  observation  of  the  phenomena  which  manifest 
themselves  as  the  frequency  is  increased,  what  there  would  remain 
to  act  between  two  circuits  conveying,  for  instance,  impulses  of 
several  hundred  millions  per  second,  except  electrostatic  forces. 
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Evea  with  sacli  txifiing  firequencies  the  energy  would  be  prac-^* 
tically  all  potential,  and  my  conviction  has  grown  strong  that/to* 
whatever  kind  of  motion  light  may  be  due,  it  is  produced  by 
tremendous  electrostatic  stresses  vibrating  with  extreme  rapidity. 

Of  all  these  phenomena  observed  with  currents,  or  electric 
impulses,  of  high  frequency,  the  most  &scinating  for  an  audience 
are  certainly  those  which  are  noted  in  an  electrostatic  field  acting 
through  considerable  distance,  and  the  best  an  unskilled  lecturer 
can  do  is  to  begin  and  finish  with  the  exhibition  of  these  singular 
effects.  I  take  a  tube  in  the  hand  and  move  it  about,  and  it  is 
lighted  wherever  I  may  hold  it ;  throughout  space  the  invisible 
forces  act.  But  I  may  take  another  tube  and  it  might  not  light, 
the  vacuum  being  very  high.  I  excite  it  by  means  of  a  disruptive 
discharge  coil,  and  now  it  will  light  in  the  electrostatic  field.  I 
may  put  it  away  for  a  few  weeks  or  months,  still  it  retains  the 
fiaeulty  of  being  excited.  What  change  have  I  produced  in  the 
tnbe  in  the  act  of  exciting  it  ?  If  a  motion  imparted  to  the  atoms, 
it  is  difficult  to  perceive  ho\t  it  can  persist  so  long  without  being 
arrested  by  frictional  losses;  and  if  a  strain  exerted  in  the 
dielectric,  such  as  a  simple  electrification  would  produce,  it  is  easy 
to  see  how  it  may  persist  indefinitely,  but  very  difficult  to  under- 
stand why  such  a  condition  should  aid  the  excitation  when  we 
have  to  deal  with  potentials  which  are  rapidly  alternating. 

Since  I  have  exhibited  these  phenomena  for  the  first  time,  I 
have  obtained  some  other  interesting  effects.  For  instance,  I 
have  produced  the  incandescence  of  a  button,  filament,  or  wire 
enclosed  in  a  tube.  To  get  to  this  result  it  was  necessary  to 
economise  the  energy  which  is  obtained  from  the  field  and  direct 
most  of  it  on  the  small  body  to  be  rendered  incandescent.  At  the 
beginning  the  task  appeared  difficult,  but  the  experiences  gathered 
permitted  to  reach  the  result  easily.  In  Fig.  34  and  Fig.  35  two 
snch  tubes  are  illustrated  which  are  prepared  for  the  occasion.  In 
Fig.  34  a  short  tube,  2\,  sealed  to  another  long  tube,  7,  is  provided 
with  a  stem,' «,  with  a  platinum  wire  sealed  in  the  latter.  A  veryv 
thin  lamp  filament,  {,;is  iSastened  to  this  wire^  and  connection  tof 
the  outside  is  made  Uurough  a  thin  copper  wire,  w.  The  tube  iss 
provided  with  outside  and  inside  coatings,  G  and  (7i  respectively,; 
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and  is  filled  as  £Eur  as  the  coatings  reach  with  conducting,  and  the 
space  above  with  insulating  powder.    These  coatings  are  merely 
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used  to  enable  to  perform  two  experiments  with  the  tube — ^namely, 
to  produce  the  effect  desired  either  by  a  direct  connection  of  the 
body  of  the  experimenter  or  of  another  body  to  the  wire  to,  or  by 
acting  inductively  through  the  glass.    The  stem  8  is  provided  with 
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an  almninum  tube,  a,  for  purposes  before  explained,  and  only 
a  small  part  of  the  filament  reaches  out  of  this  tube.  By  holding 
the  tube  2\  anywhere  in  the  electrostatic  field  the  filament  is 
rendered  incandescent. 

A  more  interesting  piece  of  apparatus  is  illustrated  in  Fig.  3d. 
The  construction  is  the  same  as  before,  only  instead  of  the 
lamp  filament  a  small  platinum  wire,  jpj  sealed  in  a  stem,  «,  and 
bent  above  it  in  a  circle,  is  connected  to  the  copper  wire  te;,  which 
is  joined  to  an  inside  coating,  G.  A  small  stem,  a^,  is  provided  with 
a  needle,  on  the  point  of  which  is  arranged  to  rotate  very  fireely 
a  very  light  fan  of  mica,  v.  To  prevent  the  fan  from  falling  out, 
a  thin  stem  of  glass,  ^,  is  bent  properly  and  fastened  to  the 
aluminum  tube.  When  the  glass  tube  is  held  anywhere  in  the 
electrostatic  field  the  platinum  wire  becomes  incandescent,  and 
the  mica  vanes  are  rotated  very  fast. 

Intense  phosphorescence  may  be  excited  in  a  bulb  by  merely 
connecting  it  to  a  plate  within  the  field,  and  the  plate  need  not 
be  any  larger  than  an  ordinary  lamp  shade.  The  phosphorescence 
excited  with  these  currents  is  incomparably  more  powerful  than 
irith  ordinary  apparatus.  A  small  phosphorescent  bulb,  when 
attached  to  a  wire  connected  to  a  coil,  emits  sufficient  light  to 
allow  reading  ordinary  print  at  a  distance  of  5  to  6  paces.  It  was 
of  interest  to  see  how  some  of  the  phosphorescent  bulbs  of 
Professor  Crookes  would  behave  with  these  currents,  and  he  has 
had  the  kindness  to  lend  me  a  few  for  the  occasion.  The  effects 
produced  are  magnificent,  especially  by  the  sulphide  of  calcium 
and  sulphide  of  zinc.  From  the  disruptive  discharge  coil  they 
glow  intensely  merely  by  holding  them  in  the  hand  and  con- 
necting the  body  to  the  terminal  of  the  coil. 

To  whatever  results  investigations  of  this  kind  may  lead, 
their  chief  interest  lies  for  the  present  in  the  possibilities  they 
offer  for  the  production  of  an  efficient  illuminating  device.  In 
no  branch  of  electric  industry  is  an  advance  more  desired  than  in 
the  manufacture  of  Ught.  Every  thinker,  when  considering  the 
barbarous  methods  employed,  the  deplorable  losses  incurred  in 
our  best  systems  of  light  production,  must  have  asked  himself. 
What  is  likely  to  be  the  light  of  the  future  ?    Is  it  to  be  an 
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ificanidescetit  Bolid,  as  in  the  presest  lamp,  or  an  inGandeaoent 
;gai4,  or  a  phosphorescent  body,  or  something  like  a  bomery  but 
incomparably  more  efficient  ? 

There  is  little  chance  to  perfect  a  gas  burner;  not  perhaps, 
because  hubito  ingenuity  has  been  bent  upon  that  problezh  for 
•o^nturiel9y  without  a  radical  departure  having  been  made — ^though 
/this  argument  is  not  devoid  of  force^but  because  in  a  burner  the 
ihijgher  vibriatioBs  can  never  be  reached  except  by  passing  through 
jAll  the  low  ones.  For  how  is  a  dame  produced  unless  by  a  iTaH 
of  lifted  weights?  Such  process  cannot  be  maintained  without 
jfenewal,  and  renewal  is  repeated  passing  from  low  to  high 
'Vibrations.  One  way  only  seems  to  be  open  to  improve  a  bumef| 
and  that  is  by  trying  to  reach  higher  degrees  of  incandescenoeb 
'Higher  incandescence  is  equivalent  to  a  quicker  vibration :  that 
means  more  light  from  the  same  material ;  and  that,  again,  means 
ihore  economy.  In  this  direction  some  improvements  have  been 
made,  but  the  progress  is  hampered  by  many  limitations. 
'Discarding,  then,  the  burner,  there  remains  the  three  ways  first 
mentioned,  which  are  essentially  electrical. 

Suppose  the  light  of  the  immediate  friture  to  be  a  solid 
xendered  incandescent  by  electricity.  Would  it  not  seem  that 
it  is  better  to  employ  a  small  button  than  a  frail  filament  ?  From 
many  considerations  it  certainly  must  be  concluded  that  a  button 
is  capable  of  a  higher  economy,  assuming,  of  course,  the  difficulties 
connected  with  the  operation  of  such  a  lamp  to  be  eflfectively 
overcome.  But  to  light  such  a  lamp  we  require  a  high  potentiiJ ; 
and  to  get  this  economically  we  must  use  high  frequencies. 

Such  considerations  apply  even  more  to  the  production  of 
light  by  the  incandescence  of  a  gas,  or  by  phosphorescence.  In  all 
cases  we  require  high  frequencies  and  high  potentials.  These 
thoughts  occurred  to  me  a  long  time  ago. 

Incidentally  we  gain,  by  the  use  of  very  high  frequencies, 
many  advantages,  such  as  a  higher  economy  in  the  light 
production,  the  possibility  of  working  with  one  lead,  the 
possibility  of  doing  away  with  the  leading-in  wire,  &c. 

The  question  is.  How  fax  coq  we  go  with  frequencies  ?  Ordinaiy 
conductors  rapidly  lose    the    facility    of   transmitting    electric 
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.impulses  when  the  frequ^icy  is  greatly  increased.  Assume  the 
meaiifl  for  the  production  of  impulses  of  very  great  frequency 
brought  to  the  utmost  perfection,  everyone  will  naturally  ask  how 
to  transmit  them  when  the  necessity  arises.  In  transmitting 
snoh  impulses  through  conductors  we  must  remember  that  we 
have  to  deal  with  pressure  and^/Zoo^?,  in  the  ordinary  interpretation 
of  these  terms.  Let  the  pressure  increase  to  an  enormous  value, 
and  let  the  flow  correspondingly  diminish,  then  such  impulses — 
variations  merely  of  pressure,  as  it  werer— can  no  doubt  be  trans- 
mitted through  a  wire  even  if  their  frequency  be*  many  hundreds 
of  millions  per  second.  It  would,  of  course,  be  out  of  question  to 
transmit  such  impulses  through  a  wire  immersed  in  a  gaseous 
medium,  even  if  the  wire  were  provided  with  a  thick  and  excellent 
insulation,  for  most  of  the  energy  would  be  lost  in  molecular 
bombardment  and  consequent  heating.  The  end  of  the  wire 
connected  to  the  source  would  be  heated,  and  the  remote  end 
.would  receive  but  a  trifling  part  of  the  energy  supplied.  The 
prime  necessity,  then,  if  such  electric  impulses  are  to  be  used,  is 
to  find  means  to  reduce  as  much  as  possible  the  dissipation. 

The  first  thought  is,  employ  the  thinnest  possible  wire 
surrounded  by  the  thickest  practicable  insulation.  The  next 
thought  is,  to  employ  electrostatic  screens.  The  insulation  of 
the  wire  may  be  covered  with  a  thin  conducting  coating,  and  the 
latter  connected  to  the  groimd.  But  this  would  not  do,  as  then 
all  the  energy  would  pass  through  the  conducting  coating  to  the 
ground,  and  nothing  would  get  to  the  end  of  the  wire.  If  a 
ground  connection  is  made,  it  can  only  be  made  through  a 
conductor  ojQTering  an  enormous  impedance,  or  through  a  condenser 
of  extremely  small  capacity.  This,  however,  does  not  do  away 
with  other  difiSculties. 

If  the  wave  length  of  the  impulses  is  much  smaller  than  the 
length  of  the  wire,  then  corresponding  short  waves  will  be  set  up 
in  the  conducting  coating,  and  it  will  be  more  or  less  the  same  as 
though  the  coating  were  directly  connected  to  earth.  It  is 
therefore  necessary  to  cut  up  the  coating  in  sections  much 
shorter  than  the  wave  length.  Such  an  arrangement  does  not 
still  afford' a  perfect  screen,  but  it  is  ten  thousand  times  better 
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than  none.  I  think  it  preferable  to  cut  up  the  conducting  coating 
in  small  sections,  even  if  the  current-waves  be  much  longer  than 
the  coating. 

If  a  wire  were  provided  with  a  perfect  electrostatic  screen,  it 
would  be  the  same  as  though  all  objects  were  removed  fix)m  it  at 
infinite  distance.  The  capacity  would  then  be  reduced  to  the 
capacity  of  the  wire  itself,  which  would  be  very  small.  It 
would  then  be  possible  to  send  over  the  wire  current-vibrations  of 
very  high  frequencies  at  enormous  distances  without  affecting 
greatly  the  character  of  the  vibrations.  A  perfect  screen  is  of 
course  out  of  question,  but  I  believe  that  with  a  screen  such  as  I 
have  just  described  telephony  could  be  rendered  practicable  across 
the  Atlantic.  According  to  my  ideas,  the  gutta-perchflr<50vered 
wire  should  be  provided  with  a  thin  conducting  coating  sub- 
divided in  sections.  On  the  top  of  this  should  be  again  placed  a 
layer  of  gut'tar-percha  and  other  insulation,  and  on  the  top  of  the 
whole  the  armour.  But  such  cables  will  not  be  constructed,  for 
ere  long  intelligence — transmitted  without  wires — ^will  throb 
through  the  earth  like  a  pulse  through  a  living  organism.  The 
wonder  is  that,  with  the  present  state  of  knowledge  and  the 
experiences  gained,  no*  attempt  is  being  made  to  disturb  the 
electrostatic  or  magnetic  condition  of  the  earth,  and  transmit,  if 
nothing  else,  intelligence. 

It  has  been  my  chief  aim  in  presenting  these  results  to  point 
out  phenomena  or  features  of  novelty,  and  to  advance  ideas 
which  I  am  hopeful  will  serve  as  starting-points  of  new 
departures.  It  has  been  my  chief  desire  this  evening  to  entertain 
you  with  some  novel  experiments.  Your  applause,  so  frequently 
and  generously  accorded,  has  told  me  that  I  have  succeeded. 

In  conclusion,  let  me  thank  you  most  heartily  for  your 
kindness  and  attention,  and  assure  you  that  the  honour  I  have 
had  in  addressing  such  a  distinguished  audience,  the  pleasure  I 
have  had  in  presenting  these  results  to  a  gathering  of  so  many 
able  men — and  among  them  also  some  of  those  in  whose  work 
for  many  years  past  I  have  foimd  enlightenment  and  constant 
pleasure — I  shall  never  forget. 

The  PBEsmENT :  It  is  my  most  pleasing  duty  to  propose  a  very 


Digitized  by 


Googk 


1892.]  OF  raOH  POTENTIAL  AND  HIGH  FREQUENCT.  168 

hearty  vote  of  thanks  to  our  lecturer,  who  has  entertained  us,  it  is 
true,  for  two  hours ;  but  we  would  willingly  wait  for  another  hour's 
similar  entertainment.  I  venture  to  suggest  that  those  of  us 
who  have  time  at  our  disposal  should  regard  this  as  but  Act  L, 
and  persuade  the .  lecturer  to  continue — after  an  interval  for 
refreshment,  of  course — ^to  give  us  Act  11.  No  words  of  mine, 
obviously,  are  necessary  to  make  you  appreciate  the  magnificent 
results  you  have  seen.  To  have  shared  with  Professor  Ghalileo 
Ferraris  the  invention  of  the  principle  of  the  rotary  magnetic 
field,  and  its  application  to  practical  alternate-current  motors  on  a 
large  scale,  would  have  been  quite  sufficient  to  have  made  our 
distinguished  lecturer  to-night  honoured  among  us ;  but  in  these 
magnificent  experiments  we  have  seen  on  electrostatic  electric 
lamps  he  has  really  surpassed  himself^  and  I  therefore  propose  a 
hearty  vote  of  thanks  for  the  delightful  lecture  we  have  had  this 
evening. 

As  we  are  guests  here  to-night,  we  must  not  separate 
without  offering  our  thanks  to  the  managers  of  the  Boyal 
Institution  for  having  so  kindly  given  us  the  use  of  this  theatre. 

One  other  vote  of  thanks  we  must  not  forget — ^to  Mr.  Siemens, 
for  having  placed  the  resources  of  his  firm  at  the  disposal  of  Mr. 
Tesla  for  preparing  these  experiments. 

The  several  resolutions  were  carried  by  acclamation. 

The  meeting  then,  adjourned. 
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The  Two  Hundred  and  Thirtieth  Ordinary  General  Meeting  of 
the  Institution  was  held  at  the  Institution  of  Civil  En- 
gineers, 25,  Great  George  Street,  Westminster,  on  Thursday 
evening,  February  11th,  1892— Professor  W.  K.  Aybton, 
F.B.S.,  President,  in  the  Chair. 

The  minutes  of  the  Ordinary  General  Meeting  held  on 
January  28th,  1892,  were  read  and  approved. 

The  names  of  new  candidates  for  election  into  the  Institution 
were  announced  and  ordered  to  be  suspended. 

*  Donations  to  the  Library  were  announced  as  having  been  re- 
ceived since  the  last  meeting  from  Mr.  John  Aylmer,  Professor 
A.  B.  W.  Kennedy,  and  Mr.  Stuart  A.  Bussell,  Members;  and 
Mr.  J.  Louis  Balbi,  Associate;  to  whom  the  thanks  of  the 
meeting  were  duly  accorded. 

The  President:  Mr.  Siemens,  I  am  sorry  to  say,  like  our 
Secretary,  is  suffering  from  illness,  and  unable  to  come  to  the 
meeting  this  evening ;  but  Mr.  G.  P.  Simpson  will  officiate  in.  his 
place,  and  I  now  ask  him  to  read  Mr.  Siemens's  paper. 

The  following  paper  was  then  read  : — 

SOME    EXPERIMENTAL    INVESTIGATIONS    OF 
ALTERNATE  CURRENTS. 

By  Alexander  Siemens,  Vice-President. 

Most  of  the  papers  read  before  this  Institution  on  the  subject 
of  alternate  electric  currents,  and  on  apparatus  employed  for 
utilising  them,  have  dealt  principally  with  the  theoretical  side  of 
the  question,  and  undoubtedly  have  been  extremely  useful  to 
constructors  of  alternate-current  apparatus.  Nevertheless,  certain 
gaps  in  our  knowledge  obtruded  themselves  in  practice,  and  the 
investigations  and  experiments  which  are  described  in  the  present 
communication  were  undertaken,  not  so  much  to  verify  any 
particular  theory,  as  to  increase  our  knowledge  of  useful  £Bbcts. 

For  convenience  of  reference,  these  experiments  are  not 
described  in  chronological  order,  but  they  have  been  grouped 
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together  according  to  the  subjects  which  they  are  intended  to 
elucidate.  Foremost  among  these  is  the  loss  of  energy  through 
the  heating  of  iron  by  induction  where  alternate  electric  currents 
are  employed— a  subject  which  engaged  the  attention  of  Prof. 
Ewing  and  of  Dr.  J.  Hopkinson  six  years  ago,  whose  researches 
pointed  out  the  direction  in  which  further  experiments  should  be 
made.  It  is  well  known  that  this  loss  is  caused  by  the  so-called 
Foucaalt  currents  and  by  hysteresis.  The  effect  of  the  former 
is  counteracted  by  laminating  the  core  of  a  magnet  either  by 
building  it  up  with  wires  of  small  diameter  or  with  thin  discs, 
according  to  the  direction  of  the  lines  of  induction. 

A  short  consideration  will  show  that  the  heat  produced  by 
Foucault  currents  can  be  calculated  beforehand  for  a  core  of 
known  construction  and  dimensions. 

Take  the  case  of  an  iron  wire,  1  cm.  long,  subjected  to  an 
induction  parallel  to  its  axis  of  B  lines  per  1  square  cm.  of  its 
section. 

Let  r  be  the  radius  of  the  wire,  and  p  the  radius  of  a  ring,  of 
the  width  d  p,  concentric  with  the  wire.  In  this  ring  currents 
will  be  produced  in  the  same  manner  as  in  the  secondary  circuit 
of  a  transformer. 

The  maximum  induction  passing  through  this  ring  is 
N  =  p*  w  .  B.  Hence  the  electro-motive  force  generated  is  E  = 
4  wN  X  10-*  =  4  n  /)*  IT  B  10-»  volts. 

If  c  is  the  conductivity  of  the  iron  employed,  the  resistance 

of  the  ring  is  R  =  -  x  -r-^ ;  consequently  the  waste  of  energy 
c       (t  p 

in  this  ring,  expressed  in  watts,  is 

(iW  =  |'  =  8c7rwB«/)»rf/).  lO-'*. 

The  total  energy  wasted  in  1  cm.  length  of  the  wire  is 
therefore 

W  =  2  c  .  7r  .  n« .  B« .  t^  .  10""  watts. 

From  this  formula  a  table  has  been  calculated  to  indicate  the 
waste  uf  energy  by  Foucault  currents  in  1  cwt.  of  iron  of  the 
oondoctivity  e  =  0*102  x  10*,  when  an  alternate  current  of  the 
frequency  n  s  100  f\J  per  second  was  employed. 
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In  order  to  determine  the  total  loss  of  energy  caused  by  the 
heating  of  the  iron,  experiments  were  made  with  a  specially 
constructed  '^  cable  transformer." 

This  mode  of  constructing  transformers  has  been  foreshadowed 
by  Dr.  Werner  von  Siemens,  who  proposed  in  his  patent  No.  42 
of  1886  to  surround  the  primary  and  secondary  circuits  of  a 
transformer  with  iron  wire,  but  his  experiments  gave  no 
satisfactory  results. 

The  subject  was  recently  taken  up  again,  and  the  present 
form  of  these  transformers  was  suggested  by  Mr.  Dieselhorst 
and  Dr.  Baur. 

[I  The  principal  advantage  which  is  claimed  for  this  form  of 
transformer  is  that  it  can  be  made  by  machinery,  in  the  same 
way  as  a  submarine  cable  is  made,  the  employment  of  manual 
labour  in  putting  it  together  being  entirely  avoided. 

A  special  machine  has'  been  designed  and  erected  for  com- 
pleting such  transformers  in  one  operation,  after  the  iron  core 
has  been  prepared  on  an  ordinary  rope  stranding  machine. 

Besides  offering  these  facilities  for  manufacture,  the  peculiar 
shape  of  the  cable  transformer  lends  itself  to  a  variety  of  usefiil 
applications. 

For  instance,  at  the  Crystal  Palace  Exhibition  one  of  these 
transformers  connects  an  alternate-current  machine  to  a  high- 
voltage  transformer  some  distance  away,  raising  the  potential  of 
the  current  at  the  same  time  from  80  volts  to  2,500  volts. 

The  transformer  used  for  the  experiments  has  a  core  of  900 
soft  iron  wires,  each  1  mm.  in  diameter  by  6  metres  long,  twisted 
up  in  the  form  of  a  rope,  and  surrounded  by  two  windings  of 
copper  wire,  properly  insulated,  the  one  for  high  voltage  and  the 
other  for  low  voltage. 
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From  the  fact  that  the  diameter  of  the  transformer  is  very 
small  compared  to  its  length,  it  follows  that  the  magnetic  field, 
and  consequently  the  induction  in  the  iron  core,  is  uniformly 
distributed,  with  the  exception  of  a  slight  drop  at  either  end. 

The  mean  induction  produced  by  passing  an  alternate  current 
through  the  low-^voltage  circuit  was  measured  by  the  difference 
of  potential  obtained  in  the  high-voltage  circuit  while  no  current 
was  passing  through  the  latter. 

The  temperature  of  the  iron  core  was  ascertained  by  measur- 
ing the  increase  in  the  electrical  resistance  of  one  of  its  wires, 
which  had  been  insulated  firom  the  rest  by  a  cotton  covering. 

By  actual  comparison  it  was  found  that  one  of  the  wires  near 
the  periphery  gave,  within  the  limits  of  errors  of  observation,  the 
same  results  as  the  central  wire,  so  that  the  exact  position  of  this 
^  test  wire "  has  no  influence  on  the  result ;  the  heating  of  the 
cotton  insulation  can  be  neglected,  as  its  mass  is  so  very  small 
compared  with  that  of  the  iron. 

Separate  tests  were  made  to  determine  the  specific  heat  of  the 
iron,  which  was  found  to  be  =  0*112,  and  the  temperature 
coefficient  for  the  electrical  resistance  of  the  test  wire,  which  was 
equal  to  0-0054. 

The  current  was  kept  on  for  a  short  time  only,  as  it  was 
desired  in  the  first  instance  to  determine  the  rate  at  which  energy 
is  converted  into  heat  in  such  a  transformer,  and  the  rise  in 
temperature  after  keeping  the  current  on  for  8  seconds  can  be 
calculated  firom  the  formula, 

^"" -0064.11, 

Bo  ss  electrical  resistance  before  starting  the  current; 
B»  sa  electrical  resistance  after  keeping  the  current  on  for  a 
seconds. 

During  the  time  that  the  current  passes,  the  test-wire  will  lose 
a  certain  amount  of  heat  by  radiation  and  convection,  although  it 
is  surrounded  by  all  the  other  iron  wires,  which  are  heated  in  a 
similar  manner.  This  loss  can,  however,  easily  be  allowed  for  by 
plotting  a  ^ cooling  curve''  after  the  passage  of  the  current  has 
been  stopped^  with  times  as  absdsse  and  temperatures  as  ordinates. 
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In  this  way  the  rise  of  temperature  of  the  iron  core  per  second 
was  observed  with  an  alternate  current  of  100  f\J  per  second, 
varying  in  strength  so  as  to  produce  a  different  induction  for  each 
observation. 

Considering  that  the  loss  of  energy  caused  by  the  heating  of 
the  iron  is  proportionate  to  its  mass,  to  its  specific  heat,  and  to  its 
rise  of  temperature  per  second,  it  was  possible  to  plot  a  curve  in 
which  the  maximum  number  of  C.G.S.  lines  per  square  cm.  are  the 
abscissse,  and  the  losses  of  energy  are  represented  as  ordinates 
calculated  for  the  mass  of  1  cwt.  of  soft  iron  wires  1  mm.  in 
diameter. 
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It  should  be  added  that  the  abscissse  of  Curve  2,  Diagram 
I.,  which  embodies  the  results  obtained,  have  been  calculated 
from  the  measured  volts,  instead  of  from  the  calculated  mean 
volts,  which  in  sinoidal  waves  are  =  0*9  measured  volts. 

This  was  done  as  Curve  2  was  to  be  used  for  designing 
transformers  where  the  measured  volts  only  ate  used  for 
calculation. 

As  this  curve  gives  the  losses  caused  by  hysteresis  and 
by  Foucault  currents,  while  the  formula  given  above  enables 
us  to  calculate  the  losses  caused  by  the  Foucault  currents 
alone,  we  can  determine  the  loss  by  hysteresis  alone  by  a 
simple  subtraction. 

All  these  results,  it  must  be  remembered,  refer  to  1  cwt. 
q{  soft  iron,  subdivided  into  wires  of  1  umx.  diame^,  on  which 
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an  attemate  cnrrent  is  acting  of  a  frequency  of  100  f\J  per 
seoond,  the  type  of  apparatus  used  being  a  cable  transformer. 
The  following  table  shows  the  results : — 


Immcnoir. 

• 

LossBB  or  EHBxai 

' 

B  = 

CurraZ. 

Foncanlt  CorrenM. 

HyrtorMii. 

1,000 

43-2  watts 

3-3  watts 

39-9  watts. 

2,000 

96-2    „ 

13-3     „ 

82-9     „ 

3,000 

1580    „ 

29-9     „ 

128-1     „ 

4,ooa 

231-2     „ 

53-3     „ 

177-9     „ 

5,000 

309-5    „ 

83-3    „ 

226-2    „ 

6,000 

390-1     „ 

119-9     „ 

270-2    „ 

The  losses  caused  by  hysteresis  are  independent  of  the 
dimenfiions  of  the  iron;  this  table  enables  us,  therefore, 
together  with  the  formula  for  the  losses  caused  by  Foucault 
corrents,  t-o  predetermine  the  rate  of  the  loss  of  energy  in 
iron  wire  of  any  weight  or  dimensions  when  acted  upon  by  an 
alternate  current  of  a  frequency  equal  to  100  (\J  per  second. 

Similar  experiments  were  made  with  alternate  currents  of  a 
frequency  of  66*6  (^\J  per  second,  and  of  a  frequency  of 
133*3  f\J  per  second,  and  the  curves  embodying  the  results  are 
also  shown  on  Diagram  I. 
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It  should  be  observed  that  the  currents  of  66*6  and  of 
100  (\J  were  obtained  from  the  same  alternate-current  machine 
(type  W,),  which  has  a  high  self-induction  in  the  armature,  and 
of  which  it  has  been  ascertained  experimentally  that  the  waves 
of  its  current  are  sinoidal. 
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The  currents  of  133  f\J  per  second  were  prodaoed  by  another 
type  of  machine  (Wu)  with  a  low  self-induction  and  a  very  narrow 
field. 

On  Diagram  II.  the  losses  by  hysteresis  alone  have  been  shown, 
derived  from  the  curves  of  Diagram  I.  by  deducting  the  losses 
caused  by  Foucault  currents  according  to  calculation.  By  way 
of  comparison.  Professor  Swing's  curve  of  losses  caused  by  static 
hysteresis  has  been  added.  In  this  table  the  results  obtained 
with  alternate  currents  of  133*3  f\J  per  second  hate  been  been 
left  out  of  consideration,  on  account  of  their  being  made  with  a 
different  machine,  as  just  explained. 

The  next  point  to  be  investigated  is  the  change  which  an 
alteration  of  the  frequency  of  the  current  will  involve  in  the  case 
of  a  transformer  designed  for  a  given  voltage  in  its  secondary 
circuit.  If  it  is  borne  in  mind  that  this  voltage,  apart  from  the 
constant  fitctors,  depends  on  the  product  n  If  (n  denoting  the 
frequency,  and  N  the  maximum  number  of  lines  of  induction), 
it  follows  at  once  that  in  order  to  produce  the  same  E.M.F.  with 
a  lower  frequency  the  number  of  lines  of  induction  has  to  be 
increased  in  proportion,  and  vice  versa.  In  other  words,  if  the 
same  E.M.F.  is  to  be  produced  in  the  secondary  circuit  of  a 
given  transformer,  the  product  n  N  must  be  constant.  This  result 
can  at  once  be  applied  to  the  formula,  which  gives  the  losses  of 
energy  caused  by  Foucault  currents — 

W  =  2  c  «•  n«  B?  t'  10-"  ; 
and  as  N  =s  r*  •  TT .  B,  the  formula  can  be  expressed — 

W=  — (7iN)M0-"; 

or,  in  other  words,  these  losses  are  constant  for  the  same  trans- 
former, whatever  the  frequency  may  be,  as  long  as  the  EJMLF. 
of  the  secondary  circuit  remains  the  same. 

A  comparison  of  the  curves  for  a  frequency  of  66-7  and  of 
100  f\J  per  second  on  Diagram  I.  shows  that  the  losses  of 
energy  for  the  same  induction  are  practically  proportional  to  the 
frequencies.  The  same  curves  show  that  this  loss  increases  more 
rapidly  than  the  number  of  lines  of  induction. 

From  this  consideration  it  follows  that  a  transformer  which 
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has  been  designed  to  produce  a.  certain  E.M.F.  in  its  secondaiy 
drcoit  with  a  given  frequency  cannot  produce  the  same  E.M.F. 
with  a  lower  frequency  without  over-heating,  whUe  it  remains 
cooler  when  it  is  worked  with  a  higher  frequency.  In  other 
wofds,  transformers  built  for  low  frequency  require  much  materiaL 

An  experiment  was  made  to  ascertain  the  final  temperatures 
of  a  50-H.P.  transformer  worked  with  different  frequencies,  and 
after  10  hours'  working  the  maximum  temperature  was  found  to 
be — ^For  a  frequency  of  100  C\J  per  second,  63^  C.  in  the  core, 
and  46^  G.  on  the  outside ;  for  a  frequency  of  66  (\J  per  second, 
69^  C.  in  the  core,  and  57^  G.  on  the  outside — a  result  which 
appears  to  bear  out  the  above  consideration. 

What  frequency  is  most  advantageous  can,  however,  not  be 
settled  by  taking  into  account  nothing  but  the  heating  of  the 
tnmsformers :  it  is  quite  evident  that  the  construction  of  suitable 
generating  apparatus  plays  as  important  a  part ;  and  the  problem 
resolves  itself  into  the  commercial  one,  Which  combination  of 
apparatus  can  be  constructed  most  cheaply  ? 

The  question,  Whal  induction  should  be  settled  upon  in 
designing  a  transformer?  is  rather  a  complex  one,  and  it  can 
only  be  solved  by  taking  into  consideration— 

1st.  The  amount  of  material,  iron  and  copper. 

2nd.  The  drop  of  potential   difference  in  the  secondary 

circuit  from  no  load  to  fuU  load. 
3rd*  The  efficiency  of  the  apparatus. 
4tlu  The  heating  of  the  apparatus. 

In  order  to  fiMnlitate  the  investigations  a  series  of  trans- 
formers is  compared  which  all  have  the  same  length  of  iron 
core,  and  the  same  number  of  turns  of  copper  wire  'of  the  same 
diameter. 

It  is  assumed  that  one  of  these  transformers  is  designed  for 
an  induction  B  s  5,000,  and  that  its  output  is  such  that  the 
weights  of  the  iron  and  of  the  copper  used  in  its  construction 
are  equal  to  each  other  and  to  1  cwt. ;  this  may  be  called  the 
mormal  transformer. 

If,  now,  another  transformer  of  the  same  series,  but  with  a 
lower  induction^  is  to  produce  the  same  voltage,  the  section  of  the 
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iron  has  to  be  increased  proportionately :  for  instance,  in  the  <»8e 
of  B  s  2,500  it  has  tb  be  doubled. 

The  weight  of  the  iron  employed  varies,  in  &ct,  inversely  as 
the  induction,  and  their  relation  can  be  represented  by  a  ree-- 
tangnlar  hyperbola  (Curve  ?)• 

As  we  have  assumed  that  the  thickness  ot  the  copper  wire 
and  the  number  of  its  turns  are  to  be  the  same  in  all  these 
transformers,  the  weight  of  the  copper  will  vary  directly  with  the 
length  of  wire  wound  on  the  iron  core,  and  this  can  be  determined 
if  the  relationship  between  the  length  of  periphery  and  the  seetion 
of  the  iron  core  is  known. 
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In  the  case  of  the  sections  of  the  cores  being  circles  tK 
squares  or  rectangles,  with  the  same  ratio  between  their  longtli 
and  width,  the  length  of  periphery  varies  as  the  square  wcA,  rf 
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the  section*  As  transformen  aie  generally  designed  with  cores 
of  this  kind,  it  may  be  accepted  that  the  periphery  of  the  iron 
core,  and,  consequently,  the  weight  of  copper  to  be  employed, 
varies  as  the  square  root  of  the  section  of  the  iron  core. 

The  weight  of  copper  in  the  series  of  transformers  under 
contemplation  can  therefore  be  represented  by  a  curve  (8)  the 
oidinates  of  which  are  the  square  root  of  the  ordinates  of  the 
curve  giving  the  weight  of  iron  for  the  corresponding  inductions. 
From  these  two  curves  it  appears  that  the  weight  of  the  iron 
increases  very  rapidly  with  decreasing  induction,  while  the  weight 
of  copper  increases  at  a  slower  rate. 

As  materials  are  important  items  in  the  cost  of  a  transformer, 
the  consideration  of  the  first  point  shows  the  desirability  of 
employing  a  strong  induction.  A  similar  conclusion  will  be 
drawn  from  the  investigation  of  the  relation  between  the  in^ 
duction  and  the  drop  of  difference  of  potential  in  the  secondary 
circuit  of  the  series  of  transformers.  As  they  are  all  supposed 
to  give  the  same  current,  the  drop  from  no  load  to  full  load  will 
be  in  proportion  to  the  resistance  of  the  circuit.  This  resistance 
is  in  proportion  to  the  weight  of  copper  employed,  as  all  the 
transformers  are  assumed  to  be  wound  with  wire  of  the  same 
diameter.  The  curve  (8)  giving  the  weight  of  copper  at  different 
inductions  will  therefore  also  indicate,  in  comparison  with  the 
normal  transformer,  the  variation  in  the  drop  of  potential 
between  no  load  and  fall  load  under  the  same  circumstances. 

In  order  to  determine  the  variation  of  the  efficiency  of 
the  transformers  under  investigation,  it  is  necessary  to  treat 
separately  the  losses  in  the  iron  and  in  the  copper*  The 
former  can  be  found  by  the  aid  of  the  curves  on  Diagram  L, 
in  combination  vdth  the  curve  giving  the  weight  of  iron  neces* 
sary  at  the  various  inductions. 

An  example  will  best  illustrate  how  this  loss  is  ascertained  in 
a  case  where  the  total  mass  (tf  the  iron  is  worked  at  the  same 
induction,  produced  by  a  current  of  a  frequency  equal  to  100  C\J 
per  sec»ond,  the  iron  mass  being  composed  of  1  mm.  wires.  The 
loes  in  the  normal  transformer  working  with  an  induction 
B  =»  ^,000,  and  with  A^weight  of  iron  s  1  cwt^  is  309*6  watts. 
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according  to  Diagram  I.  For  another  transformer  working  with 
an  induction  B  s  2,500,  the  weight  of  iron,  as  shown  by  the 
curve  (7),  has  to  be  increased  to  2  cwt. ;  at  the  same  time  the 
loss  per  cwt.  is  reduced  to  126*8  watts,  or  the  total  loss  is  reduced 
to  253*6  watts. 

In  a  similar  manner  the  losses  for  the  different  inductions 
have  been  calculated,  and  the  results  are  embodied  in  a  curve  (9) 
which  indicates  that  the  loss  of  energy  in  the  cores  of  trans- 
formers increases  with  the  strength  of  induction,  at  first  rapidly, 
but  after  the  induction  has  reached  a  value  of  B  =  1,000  the 
increase  is  very  slow.  As  feu:  as  the  loss  of  energy  in  the  iron 
goes,  it  is,  therefore,  of  not  much  consequence  what  induction 
between  1,000  and  5,000  lines  per  square  cm.  is  used.  The 
influence  of  the  strength  of  induction  on  the  loss  of  energy  in  the 
copper  can  be  shown  in  the  simplest  manner  by  comparing  this 
loss  in  the  normal  transformers  designed  for  5,000  lines  with  the 
loss  in  the  other  transformers  of  the  series. 

There  are  evidently  three  possible  cases  for  the  normal  trans- 
former: the  loss  in  the  copper  may  be  equal  to  the  loss  in  the 
iron,  or  it  may  be  greater,  or  it  may  be  less.  For  each  of  these 
cases  a  curve  can  be  plotted  showing  the  sum  of  the  losses  in  the 
iron  and  in  the  copper  at  the  corresponding  induction. 

If  we  take,  for  instance,  the  case  that  the  losses  in  copper  and 
in  iron  are  equal,  the  total  loss  in  the  transformer  having  an 
induction  B  s  5,000,  is  2  x  309*6  watts. 

For  the  transformer  having  an  induction  B  =  2,500  the  loss 
in  the  iron  is  given  in  our  Curve  9,  and  the  loss  in  the  copper  is 
in  proportion  to  its  weight,  which  varies  in  accordance  with  Carve 
8,  or,  in  this  particular  case,  the  loss  is  =  y/2  x  309*6  watts. 
In  this  way  Curve  11  has  been  plotted  for  the  case  of  the  losses 
being  equal.  Curve  10  represents  the  case  where  the  loss  in  the 
copper  is  equal  to  two-thirds  of  the  loss  in  the  iron,  and  Curve 
12  where  the  loss  in  the  copper  is  50  per  cent,  greater  than  the 
loss  in  the  iron. 

Taking  these  curves  to  represent  generally  the  variation  of 
the  total  loss  at  the  various  inductions,  it  appears  that,  when 
keeping  the  loss  in  copper  snudl  in  comparison  with  the  loss  in 
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iron,  it  is  quite  possible  to  obtain  about  the  same  efficiency  with 
any  induction  between  2,000  and  5,000  lines  per  square  cm., 
but  if  a  lower  induction  is  used  the  efficiency,  even  on  full  load, 
decreases  veiy  rapidly. 
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From  the  consideration  of  efficiency  it  is,  therefore,  desirable 
to  work  the  transformer  with  a  high  induction,  and  it  is  only  the 
question  of  the  heating  of  the  apparatus  which  imposes  restric- 
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tions  on  the  use  of  high  inductions,  to  avoid  the  destruction  of 
the  insulating  material.  In  other  words,  the  problem  was  to  find 
the  maximum  internal  temperature  of  a  body  of  known  dimensions, 
when  the  rate  at  which  its  mass  is  heated  has  been  determined. 

In  order  to  obtain  some  data  towards  the  solution  of  this 
problem,  a  solenoid  was  constructed  by  winding  18  lbs.  of  insulated 
iron  wire,  2-4  mm.  in  diameter,  on  a  brass  tube  300  mm.  long, 
8  mm.  internal  diameter,  and  provided  with  flanges  at  the  ends 
each  100  mm.  diameter. 


I4Q  leO  160  200 

S<fuoLr^  cirv^surftucm-per  Walt  ctismpaJbtdi . 

Fio.  6. 

The  internal  temperature  was  measured  by  means  of  a 
thermometer  just  fitting  the  brass  tube,  and  due  care  was  taken 
to  keep  the  temperature  of  the  surrounding  air  constant  during 
the  experiments. 

A  constant  direct  current  was  sent  through  the  coil,  and  a 
reading  of  the  thermometer  was  taken  after  it  had  ceased  rising. 
^Fhe  rate  at  which  energy  was  supplied  to  the  coil  was  deter- 
mined by  th«  product  df  the  isqimre  of  the  current  into  the 
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x«Bistaao6  of  the  ooil,  measored  when  the  equilibrium  of  tempera* 
tore  had  been  attained. 

By  vaiTing  the  current  the  internal  temperature  could  be 
varied,  and  the  results  were  plotted  in  Curve  13,  the  abscissra  of 
which  represent  the  cooling  surface  in  square  centimetres  per  watt 
dissipated,  and  the  ordinates  indicate  the  excess  of  the  internal 
temperature  of  the  coil  over  the  temperature  of  the  surrounding 
air  in  degrees  centigrade,  after  the  equilibrium  between  th^ 
sapply  and  the  dissipation  of  energy  had  been  established  in  each 
case. 

This  curve  is  a  rectangular  hyperbola  of  the  equation, 
xy  =s  1,500,  and  it  shows  that  if  the  temperature  of  such  a  coil 
is  to  be  kept  at  100^  C.  the  cooling  surface  should  be  15  square 
em.  for  each  watt  converted  into  heat  in  the  coil. 

It  is  self-evident  that  this  curve  (13)  relates  only  to  the  coil 
by  the  aid  of  which  it  was  constructed,  and  that  it  can  only  serve 
as  a  guide  under  strictly  similar  circumstances.  By  way  of 
oompaiison  a  set  of  experiments  were  made  on  the  same  lines 
with  a  cable  transformer,  hung  up  in  air,  6  metres  long  and 
9*5  cm.  in  diameter,  the  internal  temperature  of  which  was  deter- 
mined by  means  of  a  test  wire,  as  described  above. 

This  curve  (14)  shows  that  for  an  internal  temperature  of 
100^  C. .  a  cooling  surfiice  of  about  28  square  cm.  has  to  be 
provided  per  watt  of  energy  converted  into  heat  in  the  transformer. 

Before  it  is  possible  to  draw  general  conclusions  as  to  iixe 
MHmection  between  the  internal  temperature  of  transformers  and 
their  cooling  surface,  it  is  obviously  necessary  to  make  a  good 
maay  more  experiments  in  the  direction  indicated  by  the  two 
ourves  just  described. 

Last  year  Dr.  Fleming  read  a  paper  before  this  Institution, 
^  On  some  Effects  of  Alternating-Current  Flow  in  Circuits 
^  having  Capacity  and  Self-induction  ^  (Journal  of  ike  Inati- 
hUion  of  Electrical  Engirwrs^  vol.  xx..  No.  94,  p.  374) ;  it  is, 
therefore,  not  necessary  to  repeat  here  the  results  of  some 
experiments  which  were  brought  to  the  notice  of  the  Institution 
at  that  time. 

A  very  important  &ctor.  in  the  construction  of  alternate- 
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current  apparatus  is  the  striking  distance  of  these  currents  in 
various  materials,  as  this  determines,  in  the  case  of  high-voltage 
currents,  the  thickness  of  the  insulating  material  with  which  the 
conductors  have  to  be  surrounded,  the  ohmic  resistance  being  no 
guide. 

The  first  set  of  these  experiments  referred  to  the  striking 
distance  in  air.  In  all  the  experiments  made  the  frequency 
of  the  alternate  current  was  100  f\J  per  second,  except  where 
another  frequency  is  specially  mentioned,  and  the  voltage  was 
produced  by  means  of  an  alternate-current  machine  and  a  trans- 
former, and  it  was  measured  by  one  of  Sir  William  Thomson's 
static  voltmeters. 

The  electrodes  were  re-polished  each  time  a  spark  had  passed 
between  them ;  one  of  them  was  fixed  horizontally  during  the 
experiments,  while  the  other  could  be  advanced  towards  it  from 
above  by  means  of  a  micrometer  screw  which  allowed  of  reading 
to  a  hundredth  of  a  millemetre. 

The  experiments  were  made  in  the  following  manner : — ^After 
connecting  the  electrodes  of  the  spark  micrometer  to  the 
terminals  of  the  transformer,  a  certain  voltage  was  put  on  and 
accurately  measured;  the  distance  between  the  electrodes  was 
then  slowly  diminished  until  sparking  occurred.  Each  experi. 
ment  was  repeated  at  least  three  times.  Various  electrodes  were 
experimented  with,  the  first  pair  being  two  plane  parallel  surfaces. 
In  this  case  the  fixed  horizontal  electrode  consisted  of  a  polished 
brass  disc  about  100  mm.  in  diameter,  while  the  movable  electrode 
was  also  formed  by  a  brass  disc,  but  only  37  mm.  in  diameter.  To 
.prevent  the  action  of  sharp  edges,  the  edges  of  the  discs  were 
rounded  off.  The  temperature  of  the  surrounding  air  durii^ 
these  experiments  was  14*75^  C. 

The  results  obtained  are  as  follows : — 


Difference  of  Striking 

Potential  DiBtance. 


Difference  of  Striking 

Potential.  Distance. 


2,000  volts  ...     0-67  mm. 
4,000    „      ...     1-59    „ 
6,000    „      ...     2-53    „ 
8,000    „      ...     3-60    „ 
The  last  reading,  giving  the  striking  distance  for  15,000  volts^ 


10,000  volts  ...     4-80  mm. 
12,000    „      ...     6-46    „ 
16,000    „      ...  10-23    „ 
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cannot  be  correct,  as  the  sparks  started  from  the  npper  edge  of 
the  smaller  disc,  and  not  from  the  nearest  points  between  the  two 
discs,  the  smaller  disc  being  placed  above  the  fixed  one. 
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Curve  15  is  the  graphic  representation  of  the  above  table. 

For  the  next  series  the  arrangements  were  the  same  as  before, 
with  the  exception  that  the  smaller  movable  disc  was  replaced 
by  a  half-sphere  of  10  mm.  diameter.  The  temperature  of  the 
air  during  these  experiments  was  from  16°  to  17°  C,  and  its 
humidity  80  per  cent. 


Difference  of 
Potential 

Striking 
Dittsnce. 

Difference  of 
Potential. 

Striking 
Distance. 

2,000  volts  ... 

0*45  mm. 

10,000  volts  ... 

4-37  mm 

4,000     „      ... 

1-40    „ 

12,000     „      ... 

5-65    „ 

6,000    „      ... 

2-30    „ 

14,000     „      ... 

7-32    „ 

8,000     „      ... 

3-25    „ 

15,000    „      ... 

9-02     „ 

These  results  are  plotted  in  Curve  16. 

After  this  the  movable  electrode  of  the  spark  micrometer 

was   replaced  by  a  steel  point  of  an  angle  of  60^,  its  section 
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beiag  -an  'equilateral  triangle  of  5  ram.  Bidea.  This  point^iras 
also  re^poltshed  after  «aoh  q»ark ;  the  spark,  horwever,  did  not 
always  start  from  the  point.  Daring  these  experiments  the 
temperature  of  the  air  was  12^  C,  and  its  humidity  about  50  per 
cent. 


Difference  of 
Potential. 

Rtriking 
Distance. 

Difference  of 
Potential. 

Stnking 
Distance. 

2>000  volts  ... 

0*40  mm. 

10,000  volts  ... 

5'78  mm. 

4,000     „       ... 

1-26     „ 

12,000     „      ... 

7-60    „ 

6,000     .,      ... 

2-66     „ 

14,000     „      ... 

2-37     „ 

o,UuU     „       ... 

4-08     „ 

15,000     „      ... 

10-70    „ 

Curve  17  embodies  this  table. 

After  this  the  influence  of  an  alteration  in  the  frequency  was 
tried  by  lowering  this  to  80  C\J  per  second,  and  repeating  some 
of  the  first  experiments  with  disc  electrodes.  The  striking  dis- 
tances for  4,000  volts  and  for  6,000  volts  under  these  circum- 
stances were  found  to  be  1*47  mm.  and  2*30  mm.,  or  only 
slightly  different  from  those  produced  by  a  frequency  of  100  f\) 
per  second.  From  theoretical  considerations  it  might  have  been 
expected  that  the  distances  would  vary  directly  as  the  frequencies. 

In  order  to  investigate  the  influence  of  capacity,  one  or  more 
coils  of  gutta-percha-covered  wire  were  connected  to  the  circuit 
of  the  transformer  in  parallel  with  the  spark  micrometer.  The 
first  experiments  were  made  with  a  frequency  of  100  f\J 
per  second,  the  two  disc  electrodes,  and  a  capacity  of  0*113 
microfarads.  The  temperature  of  the  air  was  16"5°  C,  and  its 
humidity  79  per  cent. 

Potential  Sparking  Distance. 

Di9«)?Bnce.  With  Capacity.  Without  Capacity. 

4,000  volts        ...         1-53  mm.      ...         1-59  mm. 

6,000     „  ...         2*21     „         ...         2-53     „ 

10,000    „  ...         4-17     „         ...         4-50     „ 

A  farther  experiment  under  similar  conditions,  but  with  a 
capacity  of  0-28  microfarads  in  circuit,  showed  that  the  sparking 
distance  at  10,000  volts  was  further  reduced  to  3»94  mm. 

•These  tests  were  repeated  with  other  electrodes,  viz.,  the 
spherical  surface  and  the  disc. 
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At  a  difference  of  potential  of  10,000  volts  the  sparking 
distance  turned  out  to  be — 

1.  With  0-14  M.F.  capacity  in  circuit     ...     4*08  mm, 

2.  Without  any  „  „  ...     4*50    „ 

3.  With  0-14  M.F.        „  „  ...     406    „ 

After  that  the  steel  point  and  the  disc  were  used  as  electrodes, 
a  capacity  of  0*14  M.F.  being  connected  to  the  circuit,  and  the 
results  were — 

DifTereDce  of  Sperkiog  DiBtanca 

Pott  ntial.  Without.  With  Capacity. 

4,000  volts       ...         1-26  mm.       ...         M4  mm. 

10,000       „         ...         5-78     „         ...         4-83     „ 

All  these  experiments  point  to  the  fact  that  the  sparking 
distances  in  air  are  diminished  to  a  slight  extent  when  capacity 
comes  into  play. 

With  ^SL  view  of  ascertaining  how  the  voltage  is  propagated 
along  a  circuit,  the  position  of  the  micrometer  relatively  to  the 
cable  was  varied. 

The  experiments  detailed  above  were  made  with  the  spark 
micrometer  connected  to  the  beginning  of  the  cable ;  they  were 
afterwards  repeated  after  inserting  the  spark  micrometer  in  the 
middle  of  the  cable,  and  again  after  it  had  been  connected  to  the 
end  of  the  cable.  In  all  three  positions  the  same  striking  dis- 
tance was  observed  under  similar  circumstances,  which  tends  to 
prove  that  the  voltage  is  propagated  uniformly  over  the  wbde 
length  of  conductor,  even  if  there  is  capacity  in  some  parts  4»f 
the  circuit. 

As  stated  above,  the  voltage  experimented  with  was  measured 
by  means  of  Sir  William  Thomson's  static  voltmeters ;  but  it  is 
undoubtedly  the  highest  ordinate  of  the  wave  which  causes  the 
spark.  This  ^^real"  voltage  can  be  found,  if  sine  waves  are 
assumed,  by  multiplying  the  measured  volts  by  v^2,  and  these 
new  figures  should  be  applicable  to  constant  continuous  currents. 

In  this  way  the  results  of  Curve  15  were  corrected,  and  com- 
pered with  some  results  published  by  Warren  de  la  Bue  in  Natvat 
on  the  12th  September,  1878.    Assuming  thai  the  E.M.F.  of  his 
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cells  was  equal  to  1*03  volts,  and  reducing  his  results  to  volts  and 
millimetres,  they  compare  as  follows  :— 

Difference  of  Striking  Distance. 

PotentiaL  Warren  de  kr  Roe.  Siemens. 

2,000  volts  ...  0-45  mm.  ...  0-25  mm. 

4,000     „  ...  0-95     „  ...  0-80     „ 

6,000    „  ...  1-55     „  ...  1-45     ,, 

8,000    „  ...  2-15     „  ...  2-15     „ 

10,000     „  ...  2-85     „  ...  2-85     „ 

On  referring  to  the  other  cun  es  published  at  the  same  time, 

it  will   be   seen   that  Warren   de   la  Eue  found  the  sparking 

distances  between  two  plain  surfaces  and  between  two  spherical 

surfaces  not  to  differ  very  much   from   each   other.      It   may, 

therefore,  be  allowable  to  compare  the  mean  values  of  these  two 

curves  of  his  with  Curve  16  for  the  sparking  distance  between  a 

hemisphere  and  a  plain  surface  after  the  values  of  the  volts  have 

been  multiplied  with  ^^2. 

Difference  of 
Potential. 

2,000  volts 

4,000    „ 

6,000    „ 

8,000     „ 

10,000     „ 

Both  these  tables  show  that  the  results  are  practically  iden- 
tical, and  consequently  it  may  be  concluded  that  the  secondary 
current  of  the  transformer  used  for  the  experiments  is  really  a 
sine  function. 

Some  further  experiments  were  made  with  the  same  alternate- 
current  machine  and  transformer,  and  a  frequency  of  100  f\J 
per  second,  to  determine  the  striking  distance  in  various  insih- 
lating  materials.  The  differences  of  potential  were  again  measured 
by  Sir  William  Thomson's  static  voltmeter,  or,  in  the  case  of  th« 
higher  ones,  by  his  volt  balance. 

One  series  of  experiments,  represented  by  Cun^e  18,  was  made 
by  connecting  the  terminals  of  the  transformer  to  the  inner  and 
outer  conductor  of  concentric  cables  the  insulation  of  which 
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ing  Distance. 

Siemens. 

0-36  mm. 

0-25  mm. 

0-87     „ 

0-80     „ 

1-50     „ 

1-45     „ 

210     „ 

2-16     „ 

2-15    „ 

2-85  .  „ 
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consisted  of  impregnated  fibrous  material.  The  difference  of 
potential  was  then  gradually  and  slowly  raised  until  the  insula- 
tion gave  way. 
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Curve  18  really  consists  of  two  parts,  the  lower  of  which 
was  obtained  by  breaking  35  short  samples  of  cable,  made  with 
various  thicknesses  of  the  insulating  material ;  the  upper  part, 
above  7,000  volts,  was  determined  by  breaking  actual  cables,  not 
less  than  50  yards  in  length,  specially  manufisictured  for  these 
experiments. 

The  next  series  of  experiments  dealt  with  india-rubber  insula- 
tion, but  results  proved  to  be  extremely  irregular,  although  a 
curve  (19)  has  been  plotted  which  gives  the  minimum  voltage 
at  which  sparking  occurred  at  the  various  thicknesses. 

The  following  table  gives  the  details  of  the  samples  tested, 
and  under  what  voltage  they  broke  down : — 
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Ho.  ThicknesB  of  Ijndia-Riibbpr. 

li  40  in.  of  880  H  wire       ...     3-5  mm.,  broke  with  21,500  volts, 

2.  10  yds.  of  experimental  core,  3*8  mm.       „  „  20,000  „ 

3.  U     „                „               „      2-5  mm.       „  „  16,000  „ 

4.  1  „  concentric  cable,  3-5  mm.  „  „  28,000  „ 
5.90  „  No.  504  core  ...  1-2  mm.  „  „  12,  00  „ 
6.46  „  „  505  „  ...  2-0  mm.  „  „  16,500  „ 
7. 50  „  „  507  „  ...  1-8  mm.  „  „  18,200  „ 
8.48  „  „  508  „  ...  2  3  mm.  „  „  16,800  „ 
9.    5     „          „    200  H  wire       2-3  mm.       „  „  28,000  „ 

10.  1     „        concentric  cable     2*0  mm,       „       „     17,500    „ 

1 1.  India-rubber  sheet,  ...     0*5  mm.       „      „       7,500    „ 

12.  „  „  ...     1"0  mm.      „      „     10,500     „ 

13.  Experimental  piece  of  core,  10*0  mm.  „  „  38,000  „ 
The  concentric  cables  were  tested  by  connecting  the  trans- 
former to  the  two  conductors;  the  sheets  were  placed  between  the 
disc  and  the  spherical  electrode.  The  core,  when  in  short  lengths, 
was  covered  with  tinfoil ;  when  long,  it  was  immersed  in  water; 
and  the  terminals  of  the  transformer  were  connected,  the  one  to 
the  insulated  conductor,  the  other  to  the  water  or  the  tinfoil 
reapeetively. 

Another  set  of  tests  were  made  by  placing  calico  on  the  disc 
oi  the  spark  micrometer,  and  by  connecting  the  other  pole  to  a 
copper  brush,  such  as  are  used  in  dynamo  machines,  resting  on 
tbe- calico. 

Several  samples  of  calico  were  tried — 

(a)  Thin  calico,  0*12  mm.  thick,  not  impregnated. 

(b)  Silesia  calico,  0'15  mm.  thick,  not  impregnated. 

(c)  Thick  calico,  0*30  mm.  thick,  not  impregnated. 

(d)  Thick  calico,  0*30  mm.  thick,  impregnated. 

All  four  samples  required  the  same  lowest  diflference  of 
potential — about  700  volts — for  a  breakdown.  Different  spots  of 
the  same  sheet  behaved  very  differently,  some  not  breaking 
with  even  1,000  volts ;  but  at  least  one  spot  could  always  be 
found  which  broke  down  with  700  volts. 

Curve  20  gives  the  results  obtained  with  several  layers  of 
the  impregnated  thick  calico.     The  layers  were  tightly  pressed 
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together  before  being  tested,  and  the  points  of  the  cuire  give 
the  minimum  value  of  the  voltage  which  broke  them  down* 

The  last  curve  (21)  records  the  sparking  distance  through 
oeHuIoid,  which  was  tested  in  sheets  placed  between  the  two 
discs  of  the  spark  micrometer. 

A  good  many  of  the  high-tension  experiments  were  made 
with  a  specially  constructed  powerful  transformer,  capable  of 
giving  at  its  secondary  terminals  a  current  of  2  amperes  under 
a  pressure  of  about  50^000  volts.  This  is  now  on  view  at  the 
Crystal  Palace  Electrieal  Exhibition,  and  various  experiments 
are  shown  to  exhibit,  its  qualities.  Unfortunately,  it  is  too 
heavy  to  be  shown  in  this  Institution. 

In  conclusion,  it  should  be  mentioned  that  all  the  exptri* 
ments  described  in  this  communicatiA  were  carried  out  at 
Woolwich,  at  the  works  of  Messre.  Siemens  Brothers  &:  G04, 
mostly  under  the  immediate  care  of  Dr.  Baur,  who  was  freely 
assisted  by  the  heads  of  the.  various  departments  whenever  he 
encountered  difficulties  in  the  coarse  of  his  work. 

Mr.  Preece  :  When  reference  was  made  two  or  three  times  Mr. 

Preeoe 

this  evening  to  the  fact  that  I  read  a  paper  last  year^  I  became 
for  the  fir^  time  conscious  that  since  that  paper  was  read 
so  many  striking  phenomena  have  been  brought  before  us  that 
I  had  almost  forgotten  many  points  involved  in  that  paper,  and 
I  wanted  before  the  discussion  commenced  not  only  to  refresh 
my  own  memory,  but  also  to  point  out  to  you  two  or  three 
additions  I  have  made.  But  first  I  want  to  express  my  great 
regret  that  the  paper  in  its  complete  state  has  not  been  already 
in  the  hands  of  every  member  of  this  Institution.  This  is  due, 
unfortunately,  to  a  circumstance  which  we  regret  very  much  indeed 
— ^the  illness  of  Mr.  Webb.  Had  he  been  well  enough,  I  have  no 
doubt  we  should  all  have  had  copies,  but  perhaps  before  we 
next  meet  you  all  may  have  them.  I  have  added  several  tests 
that  have  been  kindly  given  to  me,  so  as  to  make  the  paper  more 
complete;  and  I  have  added  a  section  that  I  think  has  a  very 
important  bearing  .on  the  whole  subject,  and  I  will,  with  your 
permission,  read  it  to  you.  It  bears  on  the  durability  of  india- 
rubber. 
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Mr.  Now  I  want  to  lay  great  stress  on  the  effect  of  age  on  india- 

rubber.  It  is  all  very  well  for  us  to  see  pretty  figures  like  this  on 
the  board  showing  how  much  a  specially  prepared  rubber  will 
resist  high  pressures  under  fresh  and  peculiar  circumstances ;  but 
we  want^to  know  what  will  be  the  effect  of  high  pressures  when 
they  have  been  acting  on  conductors  for  more  than  twelve  months. 
Now,  on  the  next  occasion  when  we  meet  here,  I  hope  to  have 
displayed  on  the  table  samples  of  india-rubber  in  all  stages  of 
manufacture,  both  for  wire  and  for  other  purposes,  which  have 
been  subjected  to  this  particular  test — a  test  which  I  have  intro- 
duced intojjour  specifications  for  india-rubber  wire,  and  which  I 
hope  to  have  printed  with  the  paper.  On  that  occasion  Mr. 
Boberts,  who  has  had  more  experience  in  testing  than  most 
people,  will  himself  exp%dn  how  this  test  is  conducted,  and  show- 
results.  Another  point  to  which  I  should  like  to  refer  is  this — 
that  although  I  was  very  kindly  assisted  in  the  preparation  of  my 
{>aper  by  all  the  manufacturers  with  whom  I  placed  myself  in 
communication,  there  were  one  or  two,  unfortunately,  with  whom 
I  had  not  communicated,  viz. :  Messrs.  Hooper  &  Co.,  the  Tele- 
graph Manu£Gu;turing  Company  of  Helsby,  and  the  Okonite  Com- 
pany of  Manchester.  Naturally  you  may  assume  the  result. 
Letters,  rather  severe  in  tone,  implied  neglect.  I  hope  I  have 
satisfied  everybody  that  it  was  only  an  offence  of  omission  and  not 
of  commission.  This  pretty  book  is,  I  think,  to  a  certain  extent 
the  result  of  my  omission.  It  is  a  book — a  price-list — ^issued  by  a 
company  with  which  I  had  had  no  acquaintance  ;  it  is  called  the 
"  International  Okonite  Company,  Limited."  But  the  result  of 
the  omission  has  been,  in  the  first  place,  to  have  myself  supplied 
with  several  samples  of  this  wire,  which  have  given  very  high 
figures  and  very  good  results ;  but  more,  it  has  had  the  result  of 
bringing  out  a  price-book  that  in  method  and  order  and  classifi- 
cation is  worthy  the  study  of  every  manufacturer  present.  It  has 
also  taught  me  a  fact ;  and  in  giving  you  this  fact,  although  the 
clock  has  struck  half.past  nine,  I  am  sure  you  will  excuse  me  for 
one  moment  in  being  a  little  Mvolous.  Now  there  is  a  story  told 
about  Artemus  Ward  that,  in  exhibiting  one  of  his  panoramas, 
there  was  a  terrific  blotch  on  it,  and  he  said  one  day :  ^^  Ladies  and 
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•*  gentlemen,  that  blotch  is  a  cow.  For  ten  years  I  have  shown  that  mj-. 
**  panorama,  and  I  did  not  know  what  that  blotch  was ;  but  this 
"  morning  the  artist  told  me  it  was  a  cow,  and  I  am  bound  now  to 
"  tell  you  that  that  is  a  cow."  Now  the  reference  is  this :  What  is 
the  meaning  of  "  okonite  "  ?  I  never  knew  until  to-day  what 
*'okonite"  meant.  I  do  not  know  now  what  the  substance  okonite 
is.  The  samples  shown  to  me  were  vulcanised  india-rubber,  and 
very  good  vulcanised  india-rubber  too.  Okonite  has  yet  to  appear 
ppon  this  hemisphere.  But  this  was  how  the  matter  was 
explained  to  me  :  "  Nearly  all  good  insulators  end  in  *  onite.' 
**  You  only  have  to  put '  0  K ' — *  all  correct ' — before  it,  and  there 
'*  you  have  *  okonite.' " 

Another  regret  I  have  to  admit  to  you,  and  that  is,  I 
have  not  been  able  in  my  paper  to  make  any  reference  to 
oil  as  an  insulator.  We  heard  a  very  high  testimonial  paid 
to  oil  by  Tesla  the  other  day.  We  know  that  oil  has  been 
used  much  in  this  country,  and  it  is  now  in  the  hands  of  Messrs.  . 
Johnson  &  Phillips,  and  especially  in  the  hands  of  Mr.  Phillips, 
who  has  promised  that  I  should  have  all  the  particulars  relating  to 
oil,  but  unfortunately  he  also  is  ill.  But  I  want  to  mention 
another  point  in  connection  with  oil  as  an  insulator,  and  it  is  the  - 
fact  that  the  use  of  oil  as  an  insulator  is,  I  believe,  the  invention 
of  Professor  Hughes.  In  the  year  1858,  before  many  of  you  were 
bom,  Professor  Hughes  read  a  paper  at  the  Society  of  Arts  on,  I 
think  it  was  called  a  viscous  insulator — [Prof.  Hughes  :  A  semi- 
fluid insulator] — a  semi-fluid  insulator.  He  showed  that  if  you 
took  a  submarine  cable  and  coated  it  first  with  a  thin  layer  of 
gutta-percha,  and  put  a  loose  guttarpercha  pipe  outside  it,  and  filled 
the  interstice  with  the  semi-fluid  material,  you  had  an  insulator 
which,  by  its  mobility,  recovered  itself.  He  stuck  a  knife  through, 
there  was  dead  earth  for  a  moment,  but  in  another  moment 
the  insulation  was  restored.  This  first  oil  insulation  is,  I  am 
afiaid,  forgotten.  It  was  brought  out  again  by  Mr.  David  Brooks 
about  ten  years  ago,  and  for  quite  eight  years  we  had  a  line  of 
pipes  all  the  way  from  Vauxhall  to  Clapham  Junction  where  the 
wires  were  insulated  with  oil.  I  think  oil  is  destined  to  perform 
a  very  important  function  in  future.    Another  point.   At  the  next 
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ir.  meeting  Major  Cardew  will  probably  oommence  the  discussion 

with  a  description  of  a  new  method  he  has  devised,  and  a  pi^r 
upon  which  he  read  before  the  Hoyal  Society  a  fortnight  agro, 
showing  how  with  a  differential  method  and  with   a  qoadrant 
electrometer  he  is  able  to  measure  insulators  far  beyond  anything 
on  that  boardy  showing  visibly  before  us  how  you  can  measure 
250,000   megohms  with  quite  as  much  ease  as  we  measure  an 
ohm   or   half  an  ohm.    Now  I  asked  Mr.  Simpson  not  to  mb 
out   those   figures   he    had   on   the   board.      I   am   particularly 
interested  in  those  figures,  because  those  figures  of  De  la  Rue 
were  the  results  of  experiments  he  did  for  me  in  his  laboratory  in 
the  year  1878,  to  determine  the  striking  distance  across  air,  with 
a  view  to  forming  lightning  protectors,  so  that  we  may  ensure 
that  the  surfaces  of  the  lightning  protector  should  be  as  near  as 
possible  without  being  struck  by  working  currents — that  is,  that 
the  distance  between  the  earth  plate  and  the  line  plate  should 
be    somewhere    about    the    distance    across    which     700     volts 
would    strike.      The    figures    given    by    Mr.    Siemens    in    his 
paper  are    the  exact   figures   we  found   then.      They   are   the 
figures  that   I   have  worked   upon   ever  since,  and   the  reason- 
why  I   did  not  want  them  rubbed  out   was  this — because,    if 
you  will   remember,   that*  in  the  earlier  ****''    ^^^u^^  ^rr^u^....^ 
there  was  always  a  considerable  differenc 
distance  for  direct  currents  and  the  stri 
nating  currents.     In  the  higher  E.M.P\ 
but  when  you  come  to  4,000  volts  and 
at  2,000   volts,  while   the   striking  dista 
0*45,   by  Siemens    it    was   0*36;    and   s 
get  to  6,000  volts,  the  alternating  curren 
than   the   continuous.      Now   the    reasoi 
my   paper,   and  also   why   the    Board   o 
lower  figure— that  is,  a  striking  distant 
the   tenth   of  an  inch — ^is  because  we   1 
may  take  place   when   cracks    and   fissu 
media,  and  where  you  have  not   to  dea 
cleaned    between  each  expc  t ;  you 

dirty   and   damp   surfetces.  engi 
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of  safety    of   1   in  4   ov    1    in   5,   and  so   I   select  500  volts  Hr. 

Preece. 

per  millimetre;  and  that  is  why  I  in  my  papex,  and  Major 
Caxdew  in  the  Board  of  Trade  rules,  have  taken  2,000  volts 
per  1-lOth  inch  as  the  minimum.  In  this  proportion  of 
striking  distance  I  have  never  yet  found  two  men  agree.  Mr. 
Ferranti  brought  down  the  striking  distance  with  a  transformer 
of  high  frequency  aa  low  as  620  volts  per  millimetre.  What 
Mr.  Tesla  has  done  I  do  not  know.  I  am  very  sorry  he  is 
not  here,  as  we  might  have  got  from  him  some  interesting  facts 
bearing  on  this  subject. 

The  discussion  on  Mr.  Preece's  paper  and  Mr.  Siemens's  paper 
was  postponed  until  the  next  meeting. 

The  President  announced  that,  as  the  result  of  the  ballot  for 
new  members,  the  following  candidates  were  elected : — 

Foreign  Member: 
William  Stanley,  jun. 

Associates : 


John  William  Forster  Ashwin. 

William  Joseph  Bamber. 

Lieut.  W.  P.  Brett,  R.E. 

George  Henry  Cottam. 

J.  A.  Dawson. 

Maynard  Dodd. 

Claud  Edward  G.  Gilbert. 


John  Derby  Hyde. 
James  Hardie  McLean. 
G.  A.  Nussbaum. 
Thomas  Henry  Padgham. 
James  Edward  Pearce. 
Maurice  Pitman. 
Thomas  Henry  Smith. 


Paul  Winsloe-Phillipps. 
Students  : 


Percival  C.  Austwick. 
Walter  James  Bache. 
Alfred  H  Hayes. 
William  W.  Borman. 
Robert  Frederick  Betting. 
Frank  C.  Briggs. 
Henry  Ridley  Burnett. 
H.  J.  Cash. 

Herbert  George  Crabb. 
V.  J.  Delebecque. 


.John  Fowler. 

Oliver  Freeman. 

Arnold  Hartley. 

Walter  Haw  kings. 

Fred.  N.  Haward. 

Leopold  William  Heath. 

John  George  Maxwell  Hilton. 

F.  0.  Hunt. 

Alfred  Claude  Ivimy. 

John  Acheson  Traill  Marsh. 

Digitized  by  LjOOQ IC 


190 


ELECTIONS. 


[Feb.  11th, 


Stvdenta    (continued) . 


Wyatt  Meacher. 
David  King  Morris. 
John  Turner  Morris. 
Augustin  Gififord  Palgrave. 
George  Dudley  Aspinall  Parr. 
S.  G.  Payne. 
C.  E.  S.  Phillips. 
Roland  Sydney  Portheim. 

The  meeting  then  adjourned. 


David  T.  Powell. 
George  Henry  Victor  KoUer. 
William  Henry  Slater. 
Charles  Neame  Spencer. 
Straun  W.  G.  Tamplin. 
Arthur  E.  Tessier. 
Ernest  Helm  Walters. 
Robert  A.  West. 
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The  Two  Hundred  and  Thirty-first  Ordinary  General  Meeting  of 
the  Institution  was  held  at  the  Institution  of  Civil  Engineers, 
25,  Great  George  Street,  Westminster,  on  Thursday  evening, 
February  18th,  1892— Professor  W.  E.  Ayrton,  F.R.S., 
President,  in  the  Chair. 

The  minutes   of   the    Ordinary  General    Meeting  held   on 
February  1 1th  were  read  and  approved. 

The  names  of  new  candidates  for  election  into  the  Institution 
were  announced  and  ordered  to  be  suspended. 

Messrs.  G.  L.  Addenbrooke  and  Mr.  T.  Cushing  were  appointed 
scrutineers  of  the  ballot  for  the  election  of  new  members. 

The  President  :  As  Mr.  Siemens's  paper  really  divides  itself  into  The 
two  distinct  portions — one  portion  on  transformers,  and  another 
on  the  sparking  distance  through  different  dielectrics — ^it  has  been 
thought  by  the  Council  that  perhaps,  on  the  whole,  it  would  be 
better  to  take  the  discussion  on  Mr.  Preece's  and  Mr.  Siemens's 
])apeT8  separately.  Therefore  we  will  commence  this  evening 
with  the  discussion  on  Mr.  Preece's  paper.  Major  Cardew  has 
kindly  arranged  some  experiments  in  connection  with  the  subject 
dealt  with  in  that  paper,  and  therefore,  with  your  permission,  he 
will  now  commence  the  discussion  by  showing  you  these  ex- 
])eriments. 

Major  Cardew  :  I  will  first  explain  the  intention  of  the  Major 
apparatus  I  have  brought  here.  The  apparatus  is  arranged 
for  the  purpose  of  giving  measures  of  very  high  insula- 
tion resistance.  I  do  not  pretend  that  the  method  is  completely 
worked  out  yet,  but  as  far  as  we  have  got  it  is  extremely  sensitive, 
and  appears  to  be  a  satisfactory  method ;  and  it  very  easy  to  take 
a  comparison  between  two  insulating  substances  in  a  few  minutes 
by  this  method  which  might  take  days  by  any  other.  The 
principle  is  this :  You  have  an  ordinary  electrometer,  with  the 
quadrants  connected  in  the  ordinary  way.  The  opposite  quadrants 
are  connected  together.     It  is  not  necessary  to  draw  more  than 
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Major         two — the  two  oppositcly  charged   quadrants— because  the  two 

alternate  ones  axe  connected;  the  needle  is  connected  to  earth. 

The  quada-ants  are*  connected  to  a  service  of  electric  potential. 

The  whole  system  is  kept  as  nearly   absolutely   insulated  as 

possible.     It  is  very  easy  to  secure  an  insulation   exceeding  a 

million  megohms.     The  limit  of   sensibility  of  the  system  is 

reached  when  the  resistance  to  be  balanced  is  of  the  same  order 

as  the  insulation  of  the  measuring  apparatus.     The  electrometer 

we  have  there  is,  as  you  see,  one  of  White's  standard  pattern, 

and  far  more  complicated  than  is  required  for  this  system :  you 

merely  want  the  quadrants  and  the  needle ;  and  the  suspension 

of  the  needle  is  not  required  to  be  at  all  delicate.     Now,  when 

you  have  a  system  perfectly  insulated  such  as  that,  the  position 

of  the  earth,  with  regard  to  the  potential  of  the  whole  system, 

will  depend  upon  the  last  point  you  touch  in   connecting  up 

practically,  and  if  the  insulation  is  good  the  potential  will  remain 

as  last  touched.    Now,  if  you  connect  on  to  one  side  the  resistance 

which  you  wish  to  measure,  on  to  the  other  side  a  resistance  or  a 

material  which  offers  a  resistance  varying  as  its  length,  and  if 

you  make  an  earth  contact  on  to  that,  which  you  shift  along, 

you   have  a  balance   as   soon   as   the   resistances   to   earth   on 

each  side  are  equal,  and  the  needle  remains  at  zero,  indicating 

an  equal  potential  fix>m  the  earth  on  the  two   sides.     We  find 

that   according  to  the  order   of   resistance  we  are   measuring 

different  materials  may  be  conveniently  used.     We  have  some 

silk   there  which   has  approximately  a  resistance,   so   long    as 

the  air  is  fairly  dry,  of  250,000  megohms  per  inch  ;  and  we  have 

some  material,  which  is  partly  silk,  which  is  about  one-hundredth 

part  of  that  resistance.      It  is  quite  applicable  to  much  lower 

resistances  in  principle. 

I  will  just  show  a  few  experiments  now.  Here  is  the 
insulated  battery,  which  is  a  kind  of  Volta  pile.  It  has  400 
copper-zinc  couples,  highly  insulated,  you  see,  by  long  ebonite 
legs,  standing  upon  sealing-wax,  which  has  an  enormously  high 
insulating  power.  The  two  poles  of  this  are  connected  to 
the  quadrants  of  the  electrometer.  Now  the  whole  system  is 
fairly  well  insulated,  as  is  shown  by  the  spot  remaining  near  the 
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properzero.  If  I  touch  the  middle  of  that  battery,  I  equalise  the  Major 
potentials  of  the  two  poles.  You  see  there  is  a  slight  motion, 
which  showg  that  the  insulation  is  not  quite  equal  on  the  two 
aides.  The  sensibility  of  the  instrument  can  be  tested  by  then 
touching  the  battery  at  one  cell  from  the  centre,  and  observing  the 
difference  of  reading.  This  is  generally  from  12  to  20  scale 
divisions,  thus  showing  that  a  variation  of  1  volt  in  180  is 
distinctly  readable,  or  that  the  accuracy  you  can  obtain  from  this 
is  at  auy  rate  equal  to  1  in  180.  Now  here  we  have  a  sample  of 
an  insulated  cable.  The  ends  have  been  carefully  paraffined  and  a 
nail  driven  into  the  core,  to  obviate  so  far  as  possible  leakage  from 
the  end.  That  is  connected  to  one  side.  Of  course,  when  it  is 
attached,  the  light,  you  see,  goes  off,  indicating  earth  on  that 
side.  Now  I  will  try  to  balance  the  leakage  against  this  material, 
which  is  partly  silk,  and  has  about  10,000  megohms  per  inch.  But 
I  do.  not  pretend  that  this  is  absolutely  constant,  for  it  depends 
upon  the  humidity  of  the  air  to  some  extent,  and  for  absolute 
measurement  you  want  to 'standardise  it.  Perhaps  you  notice  the 
earth  is  now  transferred  to  the  other  side.  Now  you  may  at  any 
time,  of  course,  force  earth  on  to  the  middle  of  the  battery  by 
touching  that.  We  have  secnred  an  earth  in  this  room.  Although 
we  cannot  secure  any  jiower,  they  do  provide  an  earth.  We  dis- 
covered a  water  pipe  hidden  behind  a  curtain,  so  we  have  got  an 
earth.  Now  we  are  pretty  near  the  balance.  If  I  touch  this,  just 
to  show  you — touch  it  here — ^you  see  now  it  is  travelling  this  way, 
indicating  that  there  is  a  greater  leakage  on  this  side  than  on  the 
other  side.  That,  roughly,  is  about  the  resistance  of  that  sample. 
We  will  put  on  another  sample  of  cable,  just  to  show  the  difference. 
I  am  forcing  the  earth  on  the  middle  now.  Now  you  see  it  is 
going  over  to  that  side.  Now  we  are  getting  near  the  balance. 
There  is  the  balance — about  3  or  4  inches,  as  against  20  feet  on  the 
other.  Of  course  even  such  a  small  piece  of  cable  as  that  takes 
time  to  electrify,  as  is  very  easily  shown  by  this  method.  Now 
you  have  got  it  perfectly  steady.  If  I  go  out  further,  it  will  begin 
to  travel  to  the  left«  See !  it  is  travelling  off  to  the  left ;  and  if 
I  go  clo>»er,  it  will  travel  to  the  right.  It  is  very  applicable  to 
measuring  such  things  as  the  insulation  of  ordinary  insulators,  or 
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Maj<.r  anything  of  that  sort  which  you  want  to  get  quickly.  I  will  just 
show  a  piece  of  india-rubber.  There  is  a  specimen  of  india-rubber 
of  definite  thickness.  I  put  it  on  an  earth  connection,  and  put 
that  insulated  piece  of  brass  on  to  it  and  balance  the  leakage 
through  the  rubber. 

I  propose  to  further  improve  the  insulation  of  the  apparatus 
by  having  a  specially  made  transformer,  with  a  secondary  suspended 
entirely  clear  by  a  silk  thread,  and  in  that  way  get  a  very  high 
insulation  for  the  apparatus;  the  electrometer  being  also  sus- 
pended, probably.  No¥f  that  piece  of  india-rubber  will  go  on 
creeping,  indicating  electrification,  for  some  time :  it  is  gradually 
creeping  to  the  right.  That  is  to  say,  the  insulation  of  the 
rubber  improves  up  to  a  certain  time;  it  takes  perhaps  five 
minutes  to  thoroughly  electrify  a  little  piece  like  that,  or  perhaps 
a  minute  ought  to  electrify  a  piece  of  that  thickness.  We  may 
take  that  to  be  a  balance.  We  will  try  with  a  piece  of  a  different 
kind  of  india-rubber.     This  is  not  quite  so  good  as  the  other. 

Professor  Pekry  :  Surely,  if  you  need  a  minute's  electrifica- 
tion, you  will  have  very  different  results  if  you  use  alternating 
currents,  as  you  propose  ? 

Major  Cardew  :  Yes ;  but  we  shall  get  what  we  want  to  get 
with  the  india-rubber  if  used  with  alternating  currents.  An 
alternating  current  is,  however,  inapplicable  with  any  con- 
siderable capacity.  The  sensitiveness  of  this  arrangement  to 
capacity  is  extraordinary.  If  you  put  your  hand  anywhere  near 
it,  it  appreciably  affects  it.  So  long  as  you  are  using  a  con- 
tinuous source,  it  does  not  vitiate  your  measurements  if  you 
allow  time;  but  with  alternating  currents  you  could  not,  of 
course,  distinguish  between  the  two. 

Now  there  is  another  use  for  this  arrangement  which  I  have 
also  proposed,  and  I  hope  to  get  people  interested  to  give  it  a 
trial,  and  that  is  in  connection  with  supply  at  high  pressure. 
Taking  the  same  arrangement  of  electrometer,  but  without  a 
mirror — ^you  have  a  null  method,  and  you  only  want  to  read 
approximate  deflections  —  an  indicating  needle  will  be  good 
enough.  Connect  the  quadrants  to  the  two  sides  of  the  circuit, 
and  the  needle  to  earth.    If  the  potential  from  earth  is  the  same 
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on  each  side,  the  needle  remains  in  the  middle.     That  is  the  case  Major 

Carat*  v»'. 

SO  long  as  the  leakage  current  on  the  two  sides  is  equal,  whatever 
the  insulation  may  be :  that  is  to  say,  if  that  side  has  an  insulation 
of  1  megohm,  and  that  side  also  has  an  insulation  of  1  megohm, 
this  needle  will  remain  in  the  middle  ;  but  if  that  be  a  megohm, 
and  that  half  a  megohm,  the  needle  will  deflect  to  the  side 
which  has  more  earth.  Therefore  this  arrangement  indicates 
whether  the  leakage  is  equal  on  both  sides  of  your  circuit, 
whether  the  current  be  alternating  or  continuous.  But  if  you 
add  to  that  a  very  high  resistance — say  100,000  ohms — connected 
to  earth  at  one  end,  and  the  other  end  connected  to  a  kind  of 
three-way  switch,  which  is  also  connected  to  your  two  quadrants, 
and  if  you  at  any  time  switch  this  artificial  leak  first  on  one  side 
and  then  on  the  other,  and  note  the  effect  produced,  a  very 
approximate  estimate  of  the  insulation  on  each  side  of  the  circuit 
can  be  obtained.  The  electrometer  should  always  be  in  con- 
nection with  the  mains,  so  that  the  people  in  charge  at  the 
station  can  observe  any  alteration  in  reading  which  indicates  the 
occurrence  of  some  fault,  and  on  which  side  it  has  occurred. 
The  artificial  leak  may  be  about  100,000  ohms  resistance;  it 
can  be  made  in  a  very  simple  form  with  a  piece  of  graphite. 
f  have  to-day  tried  a  piece  giving  over  this  resistance,  with 
2,000  volts  on  it,  without  any  sensible  heat  at  all.  It  appears 
to  do  i^erfectly  well.  If  they  then  switch  on  momentarily  this 
into  connection  with  that,  and  observe  the  effect,  they  get 
equations  sufficient  not  only  to  determine  the  insulation  of  each 
main,  but  a  check  equation  as  well.  I  find  that  answers  per- 
fectly satisfactorily. 

I  have  also  tried  another  suggestion  of  mine,  which  is  a 
i<ort  of  double  gold-leaf  electroscope — one  electroscope  on  one 
wire,  and  another  on  the  other.  The  gold  leaves  will  diverge 
equally  so  long  as  the  leakage  is  equal  on  the  two  sides. 
If  any  inequality  appears,  the  leaky  side  collapses  more  or  less. 
By  this  you  can  easily  test  exactly  what  your  insulation  is,  and 
of  course  without  consuming  any  power  whatever. 

Professor  Perbt:  Of  course  you  are  assuming  that  the 
leakage  to  earth  of  positive  and  negative  mains  is  the  same  ? 
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results  without  any  chemical  test.  It  is  generally  supposed — at 
least,  I  have  heard  jnany  electricians  express  the  opinion — ^tbat 
rubber  used  for  insulating  electric  light  leads  must  consist  of 
pure  Para  rubber  and  sulphur  only.  But  the  result  of  various 
fflialyses  I  have  made  shows  that,  even  when  pure  rubber  is  used, 
French  chalk  is  frequently  added ;  and  in  some  of  the  samples  I 
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Major  Cardew  :  So  long  as  the  needle  is  in  the  middle. 

Professor  Perry  :  But  at  your  machine  ? 

Major  Cardew:  Oh!  it  takes  machine  and  all,  of  course. 
This  is  a  case  of  where  the  resultant  fault  is  it  includes  the 
machine. 

Mr.  M.  F.  Egberts  :  The  estimation  of  the  durability,  or 
probable  durability,  of  india-rubber  when  used  for  electric  light 
cables  is  of  so  much  importance  that  Mr.  Preece  has  suggested  it 
might  be  interesting  if  I  exhibited  apparatus  which  can  be  used 
for  the  purpose,  and  which  will  give  very  reliable  approximate       | 
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am  exhibiting  to-night  I  have  found  pitch,  asphalte,  silica,  oils,  and  ^*'l^^ 
resins,  and  in  other  cases  what  I  think  is  probably  recovered 
rubber — that  is,  old  rubber  used  again.  To  make  a  cheniical 
analysis  of  every  sample  of  cable  before  use  would  be  practically 
impossible,  and  the  test  adopted  by  the  Post  Office,  as  Mr.  Preece 
explained,  is  to  subject  samples  taken  from  the  cables  to  a  moist 
heat  of  320^  Fah.  for  three  hours,  and  to  a  dry  heat  of  270°  Fah. 
for  one  hour.  The  apparatus  we  use  for  the  wet  test  consists  simply 
of  a  dentist's  vulcanising  apparatus.  I  have  the  exact  apparatus  here 
(Fig,  1),    It  consists  of  a  cast-iron  cylinder  which  has  been  proved 
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by  hydraulic  pressure  up  to  200  lbs.  per  square  inch.  This  cylinder 
hag  an  ordinary  gas  burner  underneath.  The  cover  is  supplied 
with  a  safety  valve,  a  mercury  cup  in  which  the  bulb  of  a 
thermometer  is  placed,  au  india-rubber  joint  ring,  and  suitable 
bolts,  or,  rather,  studs  and  nuts.  To  make  the  test,  the  cylinder  is. 
Ralf  filled  with  water,  the  samples  are  suspended  above  the.  water, 
the  gas  is  lighted,  and  it  is  only  necessary  to  adjust  tbe  safety 
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Mr  valve  to  blow  oflF  at  a  pressure  of  90  lbs.,  and  to  regulate  the  gas 

to  keep  the  valve  just  blowing  to  ensure  the  required  temperature 
of  320°  Fah.  being  maintained.     The  thermometer  shows  if  the 
safety  valve  is  in  order  or  not.    The  whole  cost  of  the  apparatus  is 
but  £3  or  £4,  and  the  test  can  be  readily  made  by  an  unskilled  man. 
The  dry  test  is  made  in  an  ordinary  copper  drying  oven  with  a 
false  bottom,  between  the  gas  burner  and  the  bottom  of  the  oven 
itself  (Fig.  2).     In  this  test,  if  it  is  noticed  at  any  time  that  the 
temperature  is   rising  rather  too  rapidly,  the  attendant  simply 
takes  the  plug  out  of  the  tube  below  the  false  bottom,  cold  air 
enters,  and  the  temperature  is  at  once  lowered.     To  make  a  com- 
parative test  of  two  or  more  samples  it  is  desirable  to  repeat  the 
t^sts  with  the  same  specimens,  and  to  observe  which  samples  fail 
first.     Our  experience  of  rubber  tested  with  this  apparatus  shows 
that  qualities  which  stand  the  test  can  be  relied  on  to  last  15  years 
at  least,  and  I  have  here  samples  supplied  15  years  ago  which  stood 
the  test,  and  which  are  still  in  excellent  condition.     I  have  here 
also  some  samples  of  cables  which  were  submitted  with  competitive 
tenders  some  five  years  or  so  ago.     Some  of  these  samples  iailed 
in  the  test,  and  the  present  miserable  condition  of  the  untested 
length  will  show  how  unreliable  the  cables  would  have  proved  if 
they  had  been  used.     I  had  rather  a  difficulty  in  getting  samples 
of  rubber  in  sufficient  number  to  pass  round ;  but  you  see  here 
some  samples  of  rubber,  some  of  which  failed,  whilst  others  stood 
the  test.     These   are   samples  which   failed.     They  were  never 
brought  into  use,  and  were  only  manufactured  a  year  ago :  the 
rubber  is  perfectly  useless.     I  have  also  brought  with  me  a  few 
samples  of  rubber,  taken  off  very  fine  wire,  to  show  that,  no  matter 
how  thin  the  covering  may  be,  it  will,  if  of  good  quality,  success- 
fully stand  these  tests.    The  beauty  of  the  apparatus  is  that  it  can 
be  obtained  at  very  little  expense,  and  it  can  be  used  by  an 
unskilled    person.     Everyone  who  is  interested   in   purchasing 
electric  light  cables  can  obtain  the  apparatus  for  both  tests,  and 
so  far  as  my  experience  goes,  extending  over  15  years,  the  results 
obtained  with  india-rubber  are  perfectly  reliable. 
Mr.  Gray  Mr.  WiLLiAM  GrRAY :  Unfortunately,  I  have  not  had  the  revised 

proof  of  Mr.  Preece's  paper  long  enough  in  my  hands  to  look  into 
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it  very  closely.  The  subject  is  one  of  great  interest  to  electrical  Mr.  Qmy. 
engineers,  and  perhaps  more  especially  to  cable  manufacturers, 
and  we  are  very  much  indebted  to  Mr.  Preece  for  drawing  further 
attention  to  this  matter  of  specification;  but  he  has,  I  think, 
misunderstood  the  question  at  issue,  and  has  rather  assumed  that 
electrical  engineers  have  not  already  given  due  consideration  to 
the  points  he  now  raises.  He  says  that  for  submarine  cables,  and 
for  telephonic  and  telegraphic  underground  cables,  the  size  of 
conductor  and  the  thickness  of  coat  remain  constant,  so  that  it  is 
l>erfectly  permissible  to  specify  that  the  insulation  resistance  shall 
be  X  megohms.  I  do  not  follow  him  in  this,  because  with  sub- 
marine and  telephonic  cables  the  ratios  are  often  very  diflFerent, 
and  I  do  not  think  that  such  a  comparison  would  be  an  accurate 
one  for  all  cables. 

Now  electrical  engineers  generally,  although  much  indebted 
to  telegraph  engineers  for  their  research  into  the  various  qualities 
of  insulating  materials,  have  recognised  for  a  long  time  that  there 
are  many  mechanical  considerations  which  must  be  dealt  with 
which  are  of  far  greater  importance  for  electric  lighting  than  the 
insulation  resistance  alone,  and  to  these  considerations  they  have 
directed  their  attention.    Mr.  Preece,  as  he  informs  us,  has  only 
recently  turned  his  attention  to  this  matter,  and  I  think,  perhaps 
on  many  points,  has  not  had  the  opportunity  of  examining  closely 
what  electrical  engineers  have  meant  in  drawing  up  the  present 
specifications  for  electric    light  cables.      The  general  practice 
undoubtedly  has  been  to  start  with  the  basis  of  a  minimum  thick- 
ness necessary  for  mechanical  reasons,  and  then  further  to  increase 
this  as  the  diameter  of  the  cable  is  increased,  quite  apart  from 
any  question  of  insulation  resistance  alone,  this  latter  test  being 
only  used  to  show  whether  the  mechanical  application  during 
manufacture  of  the  rubber  or  other  material  has  been  properly 
carried  out.    This  insulation  has  also  been  taken  as  a  very  handy 
mode  of  classification  of  the  various  cables,  and  we  find  in  many 
price  lists  of  electric  light  cables  the  number  of  megohms  quoted 
in  merely  a  minimum,  most  of  the  cables  exceeding  this  figure. 
When  we  get  to  large  cables  the  thickness  of  rubber  covering  is 
increased,  but  with  a  falling  ratio,  thus  giving,  when  the  same 
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Mr.  Gray,  quality  of  rubber  is  used,  a  less  insulation.  This  paper  may  be  of 
great  value  in  pointing  out  the  necessity  of  careful  tests  on  all 
cables.  Mr.  Preece  has  drawn  attention  to  the  &ct  that  there 
should  be  a  standard  time  of  electrification.  This  is  most 
important  if  any  comparison  is  to  \)e  made  at  all.  I  believe  some 
makers  take  an  average  of  five  minutes'  readings,  whereas  others^ 
take  one  minute.  One  minute,  being  the  most  common,  should^ 
I  think,  be  the  standard  adopted. 

JMr.  Preece  also  deals  with  the  question  of  the  voltage 
of  the  battery  employed  in  these  tests*  Well,  undoubtedly 
I  think  that,  with  ordinary  measuring  appliances  (not,  perhaps, 
the  very  sensitive  apparatus  which  ]Major  Cardew  has  shown  us)^ 
where  we  have  to  deal  with  high  resistances,  it  is  necessary  to 
use  high  battery  power ;  and  it  is  proved  by  practice  that,  though 
fiiults  are  developed  and  broken  down,  the  cable  itself  is  not 
permanently  impaired  :  therefore  it  is  advisable  to  use  this  high 
power,  since  faults  should  not  exist  in  the  cables,  and  if  they  do* 
exist,  they  should  be  broken  down  and  removed.  Mr.  Preece  then 
goes  on  to  fix  the  minimum  thickness.  I  cannot  say  what  this 
minimum  thickness  should  be ;  it  must,  of  course,  depend  on  the 
manufacturer's  appliances,  the  quality  of  the  material  used,  and 
upon  the  weight  of  the  cable  and  the  conductor.  We  cannot,  for 
the  sake  of  theory,  put  it  at  40  mils !  I  know  of  many  wire& 
covered  with  a  less  thickness  which  are  thoroughly  reliable,  with 
no  apparent  defect  in  them  whatever.  It  is  obvious  that  this 
minimum  thickness,  whatever  it  may  be,  does  not  apply  to 
conductors  of  widely  diflFerent  sizes.  For  example,  a  No.  16  wire 
should  not  be  covered  to  the  same  thickness  which  would  be 
necessary  for  a  strand  of  91/16,  or  some  such  large  strand.  For 
with  this  latter,  even  if  the  minimum  thickness  could  be  applied 
evenly  and  perfectly,  if  drawn  underground,  it  is  certain  that 
damage  would  occur  with  such  a  thin  coat  of  dielectric  round  sa 
large  a  conductor. 

This  basis  of  1  millimetre  is,  I  take  it,  fixed  as  being  the 
sparking  distance  through  air.  This  sparking  distance  offers,, 
so  far  as  I  am  aware,  no  comparison  whatever  to  the  sparking 
distance  through  a  dielectric.    In  air  this  distance  may  vary 
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as  "we  know  from  Messrs.  Siemens,  Crookes,  and  Do  la  Rue's  Mr.  any. 
careful  tests,  from  24,000  to  80,000  volts  per  inch,  according, 
to  the  conditions  of  tests.  Why,  therefore,  is  24,000  volts 
taken  as  the  basis?  This  was  only  obtained  under  certain 
conditions ;  when  the  atmospheric  humidity  changes,  and 
the  shape  of  the  electrodes  is  changed,  the  results  obtained 
would  be  quite  difiFerent.  But,  apart  from  this,  why  is  air 
taken  at  all  ?  except  for  the  reason  that  the  insulating 
material  might  crack,  and  that  the  spark  might  leap  across  the 
air  in  the  crack.  If  this  be  the  reason,  then  we  should  use  an 
insulation  that  does  not  crack ;  and  it  is  obviously  unfair  to  put 
all  insulators  on  the  same  footing,  as,  if  the  insulation  does 
crack,  the  fact  of  the  thickness  being  equal  to  sparking  distance 
through  air  is  quite  insufficient,  as  the  moisture  in  the  crack  will 
form  a  conducting  medium  for  the  discharge.  I  do  not  quite 
understand  from  this  paper,  when  dealing  with  specific  insula- 
tion, if  we  are  to  take  it  that  a  cable  having,  say,  a  specific 
insulation  of  1*5  is  only  one-tenth  part  as  good  as  another  which 
has  an  insulation  of  15.  I  think  that  Mr.  Preece  will  agree  with 
me  that  this  is  not  the  proper  interpretation  of  this  specification. 
Then  what  is  ?  Durability  is  in  no  way  dependent  on  specific 
insulation;  that,  I  think,  is  generally  conceded.  I  have  had  a 
number  of  cables  tested,  one  of  which  gave  an  insulation 
equivalent  to  about  9'2  specific  units,  and  after  nearly  five  years, 
testing  every  fortnight  or  so,  it  still  gave  9*2.  Another  core 
tested  started  at  about  0*6  unit,  and  for  this  period  of  nearly  five 
years  remained  at  0*6,  thus  showing  that  is  possible  to  get  both 
high  and  low  insulation  combined  with  durability.  Another  core 
— ^I  will  take  a  medium  one — started  at  about  4  units,  and  came 
down  to  0*4.  This  question  of  specific  insulation  has  therefore,  I 
take  it,  a  good  deal  to  do  with  the  manufacture,  as  it  is  possible 
to  manufacture  a  cable  giving  a  high  specific  insulation  that  is 
not  necessarily  a  durable  one,  or  the  manufacturer  may  prefer  to 
make  a  cable  with  a  low  specific  insulation,  such  as  may  be 
maintained  for  a  number  of  years. 

Further,    this    specific    insulation    has    apparently    nothing 
to    do    with    the    sparking    distance;    materials  giving  a  low 
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specific  insulation  may  very  often  be  found  to  resist  in  a 
higher  degree  the  breaking-down  strain  than  other  materials 
giving  higher  specific  insulation.  The  matter  of  classifica- 
tion I  will  not  enter  into  at  length;  the  difficulty  is  that 
there  are  so  many  specifications  that  the  cable  manufacturer  is 
forced  to  vary  his  own  according  to  the  demands  of  the  consulting 
engineer.  I  should  be  very  glad,  and  no  doubt  other  makers 
would  also,  if  consulting  engineers  would  combine,  and  come  to 
some  definite  conclusion  as  to  what  they  really  do  want.  This 
would  perhaps  facilitate  the  matter  of  classification,  which  I  agree 
with  Mr.  Preece  appears  to  be  a  complicated  thing  at  present. 

The  question  of  durability  I  would  like  to  just  touch  upon.  I 
am  not  aware  that  even  with  the  apparatus  this  gentleman  has 
been  good  enough  to  show  us,  and  with  Sir.  Preece's  specification 
liere,  we  do  get  the  results  we  want. 

Mr.  Preece  says,  "  Of  course  there  are  many  tricks  in  the  trade 
"  which  will  enable  a  maker  to  dodge  any  arrangement."  No 
doubt  this  is  quite  true  :  there  are  numerous  tricks  in  the  trade ; 
and  I  believe  it  would  be  advisable  not  to  attempt  to  specify  in 
the  matter  too  closely,  but  rather  to  trust  to  the  value  the 
makers  place  on  their  reputation  than  to  try  to  force  them  all- 
down  into  common  lines — that  is  to  say,  to  attempt  to  make  them 
use  a  material  which  many  of  them  do  not  want  to  use.  To  show 
what  I  mean,  I  have  made  an  experiment,  since  Mr.  Preece  added 
the  paragraph  on  durability,  upon  a  mixture  similar  to  a  class 
largely  used  in  America  at  one  time,  and  which  has  in  it  a  very 
small  percentage  of  new  rubber,  being  made  up  of  old  goloshes, 
broken-uj)  buffers,  &c.,  &c.,  and  really  this  resists  the  proposed 
durability  tests  much  better  than  many  other  mixtures  of  higher 
(quality. 

Mr.  Preece  :  You  had  better  send  me  some  of  it. 

Mr.  Gray  :  I  have  some  here  I  can  give  you.  I  do  not  see, 
however,  why,  if  Mr.  Preece  must  specify,  he  should  specify  a 
test  only  for  india*rubber.  In  testing  an  impregnated  fibre  cable, 
are  we  to  depend  for  insulation  on  the  lead  covering  remaining 
wBterproof?  the  impregnated  fibre  being  only  used  to  prevent 
contact.    If  so,  should  he  not  specify  how  this  lead  is  to  be 
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applied? — ^pure  or  alloyed,  hot  or  cold,  and  so  on.  If  we  are  to  Mr.omy. 
depend  upon  the  impregnated  fibre  alone  for  insulation,  how  will 
he  specify  the  class  of  fibre  to  be  used,  the  temperature  and  time 
of  impregnation,  and  the  oil  or  other  material  with  which  the 
fibre  is  impregnated  ?  because  all  these  produce  important  eflfects. 
When,  for  example,  a  fibrous  material  is  employed,  its  mechanical 
properties  might  be  entirely  destroyed  if  the  imj)regnation  is 
carried  out  for  too  great  a  length  of  time  at  a  high  temperature. 
This,  however,  Messrs.  Fowler-Waring  may  wish  to  speak  upon. 
Messrs.  Siemens,  of  course,  believe  their  cable  to  be  thoroughly 
reliable,  and  no  doubt  the  Fowler- Waring  Company  think  the 
same  of  their  manufacture.  We  think  we  can  make  that  class 
of  cable  also,  but  have  not  the  same  confidence  in  it.  In  addition, 
no  specification  is  given  for  bitumen  cables.  What  should 
this  be? 

In  the  matter  of  specification,  it  appears  to  me,  we  should 
thoroughly  test  the  cables,  and  trust  a  good  deal  to  the  manu- 
facturer for  durability ;  and  we  must  be  content  for  the  present 
to  accept  a  different  specification  from  every  different  maker, 
or  lose  the  result  of  his  experience. 

Professor  GrEORGE  Forbes  :  I  wish  to  congratulate  the  author  Profesor 

°  Forbes. 

on  the  addition  he  made  to  his  pax)er  last  evening  which  deals 
with  the  point  which  most  of  us  Consider  to  be  the  most  im- 
portant point  of  the  whole,  and  which  really  had  not  been 
touched  upon  in  the  rest  of  the  paper — that  is  to  say,  the 
question  of  durability.  I  must  say  that  it  is  somewhat  startling 
to  hear  from  Mr.  Gray  that  the  test  of  durability  given  by  the 
author  is  really  comparatively  valueless.  I  do  not  suppose,  how- 
ever, it  is  to  be  considered  completely  valueless,  because  those 
india-rubbers  which  do  not  stand  the  test  may  be  discarded  as 
unless ;  and  if  we  are  able  to  discard  a  certain  number,  then 
something  is  gained,  even  though  others  which  pass  may 
be  not  perfectly  right.  At  any  rate,  this  test  is  worth  our  study 
although  it  may  not  be  a  final  or  complete  test ;  but  it  is  a  step  in 
the  right  direction,  and  we  do  want  some  means  of  getting  at  the 
durability  of  the  material.  The  point  to  which  my  attention  is 
naturally  directed  most  is  the  question  of  the  specification  which 
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ProfeiMor  Mt.  Precce  has  given  us.  I  may  say  I  do  not  think  that  this 
kind  of  specification  helps  us  very  much  more,  or  that  we  will  get 
the  article  we  want  any  more  certainly  if  we  use  the  specification 
than  if  we  act  upon  the  lines  that  we  have  been  going  on  in  the 
past.  There  is  really  no  point  which  is  not  specified  in  the 
ordinary  specification  except  the  point  of  stating  the  specific 
insulation  of  the  material — a  term  open  to  grave  objection.  As  a 
matter  of  fact,  we  do  always  specify  the  specific  insulation. 
When  we  are  told  that  a  cable  is  5,000  megohms  a  mile,  or  what- 
ever it  is,  and  that  the  ratio  of  the  diameter  of  the  cable  to  the 
core  is  IJ,  the  specific  insulation  is  involved  in  that.  The 
specific  insulation  is  simply  proportional  to  the  resistance  in 
megohms  per  mile  when  the  ratio  of  diameters  is  fixed ;  so  that 
really  what  we  have  been  using — the  resistance  in  megohms  per 
mile,  with  a  given  ratio  of  cable  to  core — is  as  definite  an  indica- 
tion of  what  Mr.  Preece  calls  the  specific  insulation  of  the 
material  as  anything  that  we  might  use.  It  is  perfectly  true 
putting  it  in  the  form  Mr.  Preece  has  suggested  is  worthy  of 
consideration.  It  is  more  easy  to  comj^axe  the  material  with 
regard  to  this  quality  if  we  do  compare  it  in  some  such  way. 
But  there  is  absolutely  nothing  more  in  this  specification 
than  what  we  have  always  been  specifying.  Now  during  the 
last  few  months  we  have  been,  in  this  part  of  the  world  and 
others,  suffering  from  a  very  obnoxious  malady,  and  the  influenza 
has  been  prevalent ;  and  the  consequence  of  it  is  that  we  have 
had  prescriptions  as  remedies,  and  preventives  of  the  influenza 
have  been  published  in  our  newspapers,  both  in  the  daily  papers 
and  the  medical  journals,  and  doctors  have  very  wisely  told  us 
that  this  practice  is  by  no  means  a  good  thing.  There  may  be 
many  cases  where  the  specific  recommended  does  some  good, 
but  there  are  many  cases  where  it  is  doing  no  good,  and  the 
patient,  by  not  calling  in  advice,  is  neglecting  his  rising 
temperature,  and  so  forth,  and  actually  doing  himself  harm  by 
trusting  to  these  prescriptions;  and  really  more  harm  is  being 
done  on  the  whole  by  having  these  prescriptions  suggested 
to  those  ignorant  of  medical  science,  because  they  consider  they 
are  capable  of  being  their  own  doctors.     I  venture  to  think  very 
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much  the  same  sort  of  injury  will  be  done  to  electric  light  Professor 
business  by  the  publication  of  such  a  specification  as  this.  I  am 
quite  sure  there  are  many  people  who  feel  themselves  incapable 
of  drawing  up  a  specification  who  will  now  say :  "  I  am  perfectly 
"  able  to  draw  up  a  specification  for  electric  light  cables.  If  I 
"  comply  with  this  specification,  I  know  I  have  got  the  right  thing: 
"  Mr.  Preece  has  told  us  so."  And  the  opinion  of  the  electrician 
to  the  Post  Office,  whether  it  be  on  the  subject  of  electricity  or 
any  other  subject  you  care  to  mention,  is  very  deservedly 
regarded  with  great  veneration.  Now  I  may  say  I  feel  sure 
that  this  will  be  a  tendency  of  this  specification,  and  I  think 
it  is  right  that  a  protest  should  be  made,  to  prevent  people  from 
thinking  that  when  they  specify  in  accordance  with  this  speci- 
fication they  will  get  what  they  want.  There  is  no  test 
which  will  give  us  an  indication  of  the  quality  of  the  rubber. 
Even  the  durability  test — which  may  be  imperfect,  but  may 
have  a  certain  value — ^is  not  included  in  this  specification, 
which  has  been  circulated  throughout  the  technical  Press, 
and  there  is  no  test  to  give  us  any  idea  of  the  quality  of 
the  india-rubber.  To  say  that  the  specific  insulation  is  any 
test  whatever  of  its  qualities  for  electric  light  cables  is,  of 
coarse,  found  to  be  erroneous.  An  uneducated  person  wishing 
to  get  an  electric  light  cable  of  vulcanised  rubber,  we  will  say, 
and  applying  to  several  makers,  finding  out  that  the  specific 
insulation  of  one  is  much  greater  than  the  other,  and  no  greater 
price  charged  for  it,  of  course  goes  for  the  higher :  "  it  must 
"  be  the  best,"  he  says.  But  we  know  that  it  is  perfectly 
possible  to  make  extreme  high  specific  insulation  with  rubber 
waste  of  the  lowest  quality.  The  highness  of  that  specific 
insulation  is  no  criterion  of  the  merit  of  the  cable;  whereas, 
with  this  published  specification  going  the  round  of  the  Press, 
many  of  those  asking  for  electric  light  cables  will  imagine 
that  it  is.  Mr.  Preece  will  say,  perhaps — ^this  is  the  way  in 
which  he  might  argue — ^that  it  does  not  matter  one  bit  about 
the  quality  of  the  india-rubber;  for  if  the  person  ordering  a 
cable  uses  this  specification,  then  if  he  gets  the  worst  rubber 
in   the  world  it  may  crack  as  much  as  it  please,   he  will  get 
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between  the  wire  and  his  fingers  a  longer  distance  than  the 
spai'king  distance  in  the  air,  and  therefore  will  have  prevented 
danger  and  provided  against  the  cable  breaking  down.  Now, 
again,  on  this  point  I  join  issue  that  the  thickness  of  the 
dielectric  is  not  a  preventive  of  anything  happening — danger  to 
life  or  anything — when  the  insulation  cracks.  We  want  insular- 
tion,  as  Mr.  Gray  justly  remarks,  which  will  not  crack,  and  that 
is  what  we  are  determined  to  have.  And  the  thing  we  want 
about  specifications  is  to  find  that  the  material  will  not  crack. 
The  thickness  of  the  dielectric  which  we  want  in  a  cable  is  the 
thickness  which  will  render  it  suitable  for  the  mechanical  strains 
which  it  will  have  to  go  through ;  that  is  the  only  question  of 
thickness  in  the  great  majority  of  cables  that  I  am  aware  we 
have  to  consider.  However,  I  have  no  doubt  that  Mr.  Preece 
will  give  us  some  further  information  about  whether  he  con- 
siders that  the  thickness  of  the  cable  should  be  regulated  by 
the  sparking  distance  in  air.  I  see  no  reason  whatever ;  and  at 
present,  for  my  own  part,  my  feeling  is  that  we  should  gain 
nothing  by  specifying  specific  resistance  of  the  material;  and 
in  no  other  point  does  this  specification  vary  from  the  specifi- 
cation we  have  been  in  the  habit  of  using;  and  all  we  can  do 
at  present,  where  it  is  impossible  to  make  a  thorough  analysie^ 
of  the  materials,  is  to  specify  ourselves  that  the  cables  which 
are  being  supplied  by  the  maker  we  employ  are  good,  and  to 
feel,  as  we  do  with  most  of  our  cable  makers,  that  they  are 
desirous  of  producing  a  good  article  which  shall  have  a  good 
reputation  and  last  long.  At  the  present  moment  I  am  afraid 
there  is  no  other  test  which  we  can  put  it  to  which  will  get 
over  the  difficulty  of  settling  between  bad  and  good  material. 
Of  course  these  remarks  chiefly  apply  to  vulcanised  india-rubber. 
Other  questions  are  well  deserving  of  discussion :  lead  cables  and 
jute  fibres  impregnated  are .  a  very  important  class  of  cable,  and 
ought  to  be  discussed.  Some  years  ago  I  drew  attention  to 
some  failures  in  such  lead-covered  cables,  and  I  have  never 
regretted  that  I  did  so.  When  I  spoke  of  those  defects  which 
had  made  themselves  apparent,  it  distressed  the  minds  of  some 
makers  of  those  cables,  I  know.    I  am  sorry  it  did  so.    It  dis- 
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tressed  the  mind  of  so  distinffuished  a  man  as  Dr.  Werner  von  Professor 

Forbes. 

Siemens,  but  it  had  a  beneficial  eflfect.  It  had  two  effects: 
one  is  that  the  prices  of  those  cables  immediately  increased  very 
I^^g^Iy ;  l>ut  at  the  same  time  such  defects  in  those  cables,  I  am 
glad  to  be  able  to  say,  have  not  been  apparent  since ;  and  I  am 
sure  that  those  cables  are  doing  excellent  service  now. 

Mr.  Crompton  :  I  acnree  with  the  last  speakers  in  that  I  cannot  Mr. 

'^  -*•  Crompton. 

see  the  advantages  of  the  specification  proposed  by  Mr.  Preece. 
I  believe  that  such  a  specification  may  be  a  very  dangerous 
weapon  in  the  hands  of  partially  instructed  electrical  engineers, 
and,  unfortunately,  it  is  just  such  men  who  would  use  it  most.  * 

I  think  we  have  every  reason  to  be  proud  of  the  high  state  of 
perfection  to  which  the  manufacture  of  rubber-covered  cables  has 
reached  in  'England.  Without  mentioning  names,  there  are 
several  makers  whose  own  specification  can  be  safely  accepted, 
and  whose  excellence  of  manufacture  may  be  depended  upon.  I 
should  much  prefer,  if  I  wanted  a  thoroughly  good  insulated 
cable,  that  the  last  speaker — Mr.  Gray — for  instance,  should  draw 
up  his  own  specification,  and  that  I  should  accept  it,  and  rely  on 
the  reputation  of  his  firm  for  his  working  to  it,  than,  on  the  other 
hand,  that  I  should  draw  up  a  specification  for  him  to  accept.  I 
am  certain  that  in  the  first  case  I  should  get  a  thoroughly  good 
article,  whereas  in  the  second  case  my  ignorance  of  the  niceties 
of  the  manufacture  would  only  make  me  liable  to  insert  matters 
in  my  specification  which  would  hinder  Mr.  Gray,  and  prevent 
him  from  supplying  me  with  as  cheap  and  efficient  cable  as  he 
would  have  done  if  he  been  allowed  to  work  out  the  matter  in  his 
own  way* 

As  regards  the  important  question  of  the  thickness  of  the 
insulation  which  is  required,  I  have  thought  out  this  matter  care- 
fully. One  of  the  Board  of  Trade  regulations  as  to  the  thickness  of 
insulation  required  on  overhead  wires  has  been  found  difficult,  if 
not  impossible,  to  carry  out  when  the  insulated  wires  are  of  very 
flmall  size.  The  insulated  wire  for  a  primary  conductor  to  carry 
very  small  currents  up  to  2,000  volts  is  a  case  in  point.  The 
insulated  conductors  supplied  to  me  for  this  purpose  by  the 
Silvertown  Company  is  what  they  call  their  L  quality,  and  is  an 
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exceedingly  perfect  sample  of  manufacture.  The  conductor  is  7 
No.  21  gauge  stranded  wire  insulated  with  their  highest  quality 
of  rubber  up  to  a  thickness  of  34  mils.  Outside  this  there  is  a 
braiding  for  mechanical  protection.  The  insulation  resistance  is 
excessively  high,  exceeding  on  test  5,000  megohms  per  mile. 
The  total  insulation  resistance  of  the  whole  of  the  circuits  when 
in  position  has  always  been  in  excess  of  the  Board  of  Trade 
requirements,  but  according  to  the  Board  of  Trade  rule  the 
thickness  of  the  dielectric  is  insufficient — it  should  have  been 
100  mils.  In  order  to  show  that  there  was  no  advantage  in  the 
extra  thickness  of  insulation,  I  had  three  samples  of  conductors 
prepared  by  the  Silvertown  Company,  one  with  the  thickness 
above  described,  another  with  50  mils,  and  a  third  with  100  mils 
of  dielectric,  and  these  samples  were  submitted  to  a  series  of 
tests  in  the  presence  of  Major  Cardew  at  our  Chelmsford  works. 
It  was  then  shown  that  the  thinner  insulation  was  in  every 
respect  practically  equal  to  the  thicker  insulation,  the  increase  in 
resistance  in  megohms  per  mile  being  only  as  5,000  megohms 
to  8,000  megohms.  In  some  respects,  however,  the  33-mil  sample 
showed  itself  actually  superior  to  the  thickest  sample.  For 
instance,  the  thicker  dielectric  is  much  more  easily  ruptured  on  the 
outside  of  the  bend  of  a  kink  than  the  thin  one  is.  Again,  when 
dealing  with  wind  pressures  or  strains  produced  by  accumulation 
of  snow  and  the  like,  the  thinner  insulation  shows  to  considerable 
advantage.  But,  after  all,  the  main  determining  question  is  the 
cost,  that  of  the  thick  insulation  being  so  high  as  to  be  practically 
prohibitive  of  the  distribution  of  small  currents  of  high  tension. 
The  tables  which  I  attach  show  how  very  considerably  this 
increased  thickness  of  insulation  affects  not  only  the  cost  of  the 
cable  itself,  but  also  the  supports  and  other  material,  and  labour 
required  for  the  erection  of  the  line.  It  is  easy  to  show,  in  the 
lighting  of  a  small  country  town  or  village  having  its  distribution 
system  spread  over  a  widely  extended  area,  that  this  demand  for 
increased  and,  as  I  assert,  unnecessary  thickness  of.  dielectric 
may  ipcrease  the  total  cost  of  the  distribution  system  by  40 
per  cent. ;  and  we  know  now,  from  what  Major  Cardew  has  stated 
in  official  correspondence,  and  which  is  corroborated    by  Mr, 
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Preece  in  his  paper  to-day,  that  the  sole  object  of  naming  the  Mr. 
minimum  thickness  on  small  wires  was  on  account  of  the  supposed 
relation  of  the  length  of  the  air  spark  to  the  thickness  of  the 
dielectric. 

I  do  not  think  my  language  is  too  strong  when  I  say  it  was  a 
monstrous  idea  for  the  Board  of  Trade  to  saddle  the  development 
of  electric  distribution  with  such  a  regulation,  and  on  such  highly 
inaufficient  ground$,and  I  therefore  thank  Mr.  Preece  for  bringing 
the  matter  now  prominently  before  you  in  order  that  it  may 
receive  adequate  discussion.  If  the  result  of  this  discussion  is  to 
show  that,  after  all,  the  air  spark  is  the  governing  factor  in  the 
thickness,  why  should  this  thickness  be  that  of  the  dielectric  ?  why 
should  not  the  total  thickness  of  the  dielectric  added  to  that  of 
its  protection  be  taken,  as  it  is  really  this  total  thickness  which 
governs  the  distance  between  the  workman's  hand  and  the  bare 
conductor  ?  But,  after  all,  is  it  not  far  safer  to  adopt  measures 
to  ensure  against  cracks  than  to  encourage  a  thickness  of  cheaper 
insulation,  which  is  likely  to  conduce  to  the  formation  of  cracks  ? 
I  think  most  manufacturers  of  high-class  dielectrics  will  support 
me  when  I  state  that  all  materials  with  which  rubber  is  loaded  in 
order  to  cheapen  it  have  the  result  of  decreasing  its  mechanical 
strength  as  well  as  its  tendency  to  chemically  decompose. 

I  unhesitatingly,  therefore,  myself  declare  in  favour  of 
spending  our  money  on  the  smaller  thickness  of  the  highest  class 
rubber  insulation,  instead  of  on  thie  increased  thickness  of 
necessarily  inferior  insulation  proposed  by  Mr.  Preece,  and  which 
I  understand  is  approved  of  by  Major  Cardew. 
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Mr. 
Grompton. 


TcMe  I. — Overhead  GondudoTB. 

Showing  Weights  of  Conductors,  Supporting  Wires,  also 
Strains  due  to  Weights  and  Wind  on  One  Set  op 
Conductors — i.e.,  Pair  of  Primaries  and  Pair  of  Second- 
aries.   One  Span  =  1-36th  of  a  Mile. 


Silvertown  L 

Quality, 

Ordinaiy 

Thickness 

Dielectric. 

Silvertown  L, 

Board  of  Trade 

Thickness 

Dielectric. 

Weight  of  steel  suspending 

wire... .,     3/16,inlbs. 

Primary  conductor        .,.     7/21,      „ 

Secondary       „              ...     7/18,      „ 

Wind  allowance  for  suspend- 
ing wire   in  lbs. 

Wind  allowance  for  primary...          „ 

„            „         „    secondary          ,, 

Total  combined  strains „ 

Approximate  breaking  strain     

Factor  of  safety    

5-4 

9-2 

16-5 

87 

153 

234 

505 

3,000 

6 

7-4 
14-3 
16-5 

100 
248 
234 
610 
4,000 
6 

Strains  on  Poles. 

Due  to  weight  and  wind  on  line,  in  lbs. 

Bending  moment  at  21  feet 

above  ground ,, 

Bending  moment  due  to  wind 

pressure  on  pole  itself    ...           „ 

Total  strains  on  pole     

1,010 

21,700 

4,000 
25,700 

1,334 

28,700 

4,800 
33,500 
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Mr. 
CromptOD. 


TaUe  II. — Overhead  Conductors. 

Showing  Increase  in  Cost  op  Material  and  Labour  on  One 
Set  of  Conductors,  entailed  by  the  Increase  of  Thick- 
ness IN  Dielectric  required  by  Board  of  Trade  Bules; 
everything  else  in  accordance  with  these  Bules.  One 
Mile  =  36  Spans. 


SilTertownL 
Quality, 
6,000  Megohms, 
Ordinaiy  Thick- 
ness Dielectric. 

SilTertown  Ii 

Qnali^, 

7,000  Megohms, 

Bonrd  of  Trade 

Thickness  of 

Dielectric. 

£       s.      d. 

£       8.       d. 

2  mfles  primary  conductor, 

7/21 

66     8    0 

140     6     0 

„      secondary      „ 

7/18 

138     8    0 

138     8     0 

„     steel  supporting  wire    ... 

6     6  10 

8     9     9 

AwgO         .••         •..         •••         •••         ••* 

t  ••• 

2  10    0 

3     0    0 

Tops,  weather  protectors,  &c.    ... 

11  10    0 

13     0    0 

Insulators    

>  ••• 

4  10    0 

6     6    0 

Poles,  30,  5  in.  at  top 

••  • 

16  10    0 

21  15    0 

„        6,  6  in.      „     

••• 

4    7     0 

— 

„        6,  6  in.  iron  at  top.., 

••• 

— 

17    5    0 

Sockets  for  poles...     ...     .., 

••• 

26  14    0 

29  14    0 

Concrete  at  bases  of  poles  .. 

••• 

11     0    0 

12    0    0 

Earth  plates,  sundries 

«•• 

6  10    0 

7    0    0 

£294  13  10 

397  '  3     9 

Or,  as     

••• 

100    0    0 

136    0    0 

I  am  indebted  to  Mr.  A.  H.  Pott,  the  Engineer  in  charge  of 
our  Chelmsford  installation,  for  the  preparation  of  the  figures 
in  the  above  tablfes. 
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Mr.  J.  Eaworth  :  I  was  under  the  impression,  when  Mr.. 
Preece  closed  the  reading  of  his  paper  last  year,  that  he  had 
brought  before  the  Society  the  most  important  paper  we  had  ever 
had  the  pleasure  of  listening  to.  That  impression  has  now 
soUdified  into  absolute  certainty.  We  have  had  the  opportunity, 
resulting  from  that  paper,  of  learning  some  most  remarkable 
facts.  Mr.  Gray  has  informed  us  that  the  figures  of  high 
insulations  placed  at  the  head  of  the  Silvertown  lists  must  not  be 
taken  as  indicating  the  quality  of  india-rubber  with  which  the 
cables  are  insulated.  This  information  gave  me  a  severe  shock. 
That  very  amiable  and  assiduous  traveller — ^Mr.  Lessels,  I 
think — ^who  represents  Mr.  Gray's  firm,  has  had  numerous 
conversations  with  me  upon  the  question  of  insulation.  On  one 
occasion  I  asked  him  why  they  were  in  the  habit  of  specifying 
3,000  megohms  per  mile  for  a  wire  one-tenth  inch  in  diameter,, 
and  exactly  the  same  insulation  per  mile  for  a  wire  an  inch  in 
diameter.  He  said :  "  Oh  !  the  reason  is  this :  Our  customers  like 
"  to  know  exactly  what  the  amount  of  leakage  on  their  systemr  isJ^ 
I  told  him  that  I  for  one  should  not  care  to  have  an  exact  know- 
ledge of  such  an  infinitesimal  quantity.  It  does  not  seem  to  me 
to  be  necessary  to  spend  large  sums  on  insulation  for  the  sole 
purpose  of  simplifying  our  calculations — in  order,  for  instance, 
that  we  may  know  that  if  we  have  put  down  200  miles  of  various 
sizes,  we  have  an  insulation  resistance  of  l-200th  part  of 
6,000  megohms.  Nevertheless,  in  using  such  cable  I  always  had 
a  pleasant  feeling  that  if  I  had  5,000  megohms  insulation.  I  had 
a  quality  of  rubber  corresponding  thereto.  Now  we  hear  frooBi 
Mr.  Gray  that  ground-up  goloshes  will  produce  a  cable  that  will 
satisfy  the  Post  Office. 

Mr.  Gbay:  The  Post  Office  test. 

Mr.  Eaworth  :  If  I  were  satisfied  that  a  wire  had  passed  the 
Post  Office  test,  I  should  go  comfortably  to  bed,  in  the  belief  that 
if  there  were  2,000  volts  on  the  wire  they  would  be  there  in 
the  morning,  with  no  interruption  of  the  current. 

Now  the  reason  I  have  for  believing  Mr.  Preece's  paper  to  be 
the  most  important  that  has  ever  been  brought  before  the 
Society  is  this :   Our  members   are  fond  of  reading  papers  on 
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dyBanios  and  sf.eam  engines,  which  buzz  round  and  make  sparks ;  ^^ 
but  nobody  before  ever  thought  it  necessary  to  read  a  paper  on 
underground  conductors,  of  which  nobody  thinks  after  they  have 
-psLid  the  bill.  But  if  we  consider  the  amount  of  money  spent  on 
underground  conductors,  as  compared  with  the  sums  spent  on 
engines  and  dynamos,  we  shall  at  once  see  that  Mr.  Preece's  paper 
wvis  most  opportune.  We  learn  from  the  balance-sheet  just 
issued  that  the  Westminster  Company  have  spent  about  £130,000 
on  underground  conductors  and  conduits — a  sum  of  money  equal 
to  the  total  cost  of  their  plant,  buUdings,  and  the  land  upon 
which  they  sttmd.  There  can  be  no  doubt,  therefore,  that,  as 
electrical  engineers  have  been  in  the  habit  of  specifying  very 
eseeasive  insulation,  there  must  have  been  put  down,  in  London 
at  the  very  least  £100,000  worth  of  matenad  which  might  be 
better  employed  as  money  in  the  pockets  of  the  shareholders. 
Mr.  Preece  has  called  attention  to  these*  facts,  and  whether  his 
specification  or  his  method  of  testing  be  exactly  right  or  not  is  a 
matter  of  small  moment. 

Perhi^  Mr.  Gray  will  excuse  me  for  giving  you  an  illustration 
from,  the  Silwertown  price  list,  ^ich  shows  that  manufacturers  of 
good  cables  do  not  always  give  good  advice.  Last  year  there  was 
brought  before  our  notice  a  new  make  of  cable  (Glass  Y),  which 
was  intended  to  meet  a  demand  for  a  low-tension  wire.  The 
list  stated  that  it  was  suitable  for  500  or  600  volts,  and 
then  fallows  this  clause:  ^^The  insulation  used  is  of  the  best 
**  quality  vulcanised  rubber,  of  suflBcient  thickness  to  give  the 
^  maximum  flexibility  combined  with  that  of  mechanical  strength* 
^  No  attempt  is  made,  as  with  our  ordimiry  list,  to  keep  the  same 
'^  catia  of  diameter  of  conductor  to  outside  diameter  of  insulation, 
^and  consequently  the  insulation  resistance  of  most  of  the 
*^  cables  varies  with  the  size,  but  in  no  case  will  it  be  foimd  to  be 
^  less  than  2,000  megohms  per  statute  nule  when  tested  in  water 
^  at^^  Fah."  The  main  point  I  wish  to  call  your  attention  to 
lA,  first,  that  up  to  last  year  the  Silvertown  Company  had  been 
mft^'^^g  th^  cables  of  all  sizes  of  the  same  inaulaiion  per  mile* 

Mr.  GfiAY :  That  u  for  small  wire.     You  will  see  there  is  a 
I  &r  that— «  very  good  reason.     After  you  get  beyond  what 

Digitized  byVjOOQlC 


KaworUi. 


214  SPECIFICATION  OF  INSULATED  CONDUCTORS.  [Feb.  18th, 

you  may  call  the  working  thickness,  then  you  do  not  try  to  keep 
the  same  ratio. 

Mr.  Baworth  :  You  do  in  the  ordinary  list. 

Mr.  Gray  :  Because  they  are  all  smaller  wires. 

Mr.  Baworth:  But  I  see  the  insulation  thickness  is  from 
3-lOths  up  to  something  like  5-10th8  of  what  is  stated  as  "best 
**  quality  of  vulcanised  india-rubben**  A  friend  of  mine  wrote 
to  the  Silvertown  Company  to  ask  what  class  of  wire  they  would 
recommend  for  100  volts  of  cable,  and  they  recommended  this 
cable,  which  has  thicker  insulation  than  the  same  firm  has  supplied 
under  three  years*  guarantee  for  the  City  of  London  2,000-volt 
primary  circuit,  and  also  very  much  thicker  than  a  similar  class 
of  cables  by  Siemens  Bros.,  which  cables,  when  tested  with  6,000 
volts  alternating  after  24  hours'  immersion  in  water,  did  not  break 
down  or  show  any  signs  of  it* 

It  is  e\ident,  therefore,  that  the  electrical  engineer  who  has 
no  better  source  of  advice  than  the  cable  manufacturer  must  be 
in  a  most  profound  muddle.  I  hope  Mr.  Gray  will  forgive  me  for 
using  the  above  illustration,  but  it  so  happens  that  no  other  trade 
list  is  so  specific  on  the  point  I  wish  to  prove.  I  daresay  Mr. 
Gray  will  explain  that  I  am  quite  wrong,  and  that  there  are  two 
qualities  of  best  india-rubber  or  two  methods  of  measuring  a 
quarter  of  an  inch. 

Mr.  Preece  was  so  good  as  to  draw  our  attention  in  the  course 
of  his  paper  to  a  matter  to  which  I  have  given  great  attention 
in  the  course  of  my  connection  with  the  electric  lighting 
Industry,  and  that  is  the  denomination  of  the  sizes  of  cables. 
Some  years  ago,  when  I  had  the  honour  of  being  connected  with 
Messrs.  Siemens  Brothers,  I  found  that  their  denominating 
numbers,  arrived  at  by  measuring  the  number  of  yards  to  the 
tenth  of  an  ohm,  were  also  capable  of  other  interpretations. 
When  I  went  to  the  Brush  Company,  I  adopted  the  same  idea  in 
a  simpler  form,  and  began  to  number  our  conductors  by  the 
number  of  l,000ths  of  a  square  inch  in  the  section;  thos 
7/16  became  No.  23,  and  19/16  became  66,  and  so  on.  In  each 
case  the  label  put  on  the  coil  gives  you  the  number  of  l,000thB 
of  square  inch  in  the  section  of  copper,  therefore  k>follow8  that 
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it  gives  you  the  number  of  amperes  the  cable  will  carry  on  the  ^-^^^^^ 
usual  base  of  1,000  amperes  per  square  inch.  By  multiplying  by 
4  we  get  the  number  of  yards  to  the  tenth  of  an  ohm,  and  the 
weight  in  poxmds  per  1,000  feet ;  and  if  you  wish  to  know  the  loss 
of  E.M.F.  with  the  normal  current,  it  is  2^  volts  for  every  100 
yards  you  have  in  circuit.    For  the  use  of  my  assistant  engineer 

1  worked  out  some  time  ago  a  very  short  mnemonic  formula, 
which  I  call  the  rule  of  two,  applicable  to  the  distribution  of 
electricity  by  alternating  currents,  viz. — ^that,  when  using  2,000 
volts  on  a  2,000-yard  circuit,  with  2  per  cent,  loss,  you  require 

2  lbs.  of  copper  for  every  2  lamps. 

Mr.  A.  Siemens  :  I  wish  to  say  a  few  words  about  Mr.  Preece's  Mr. 

•'  Siemenii. 

paper,  and  I  will  say  it  very  briefly,  as  time  is  late.  The  formula 
Mr.  Preece  gives  for  specific  insulation  can  be  made  very  easy  by 
simplifying  it  in  making  the  large  diameter  for  the  whole  wire 
exactly   10    times  the  diameter   of   the   conductor:    then  the 

logarithm    -^  becomes  1 ;  and  if  you  manufacture  a  wire  of  these 

dimensions,  you  get  the  specific  inductive  resistance  of  the,  insu- 
lating material  employed  by  multiplying  the  resistance  of  1  knot  of 

4.39 
the  wire  at  75^  Fah.  with  fTTQQQ-    Mr.  Preece  makes  fun  of  the 

classification  of  the  wires ;  but  the  difficulty  is  that  the  electrical 
engineers  specify  so  many  different  wires,  and  want  you  to  keep  in 
stock  so  many  different  wires,  that  you  must  needs  make  some 
use  of  letters,  and  have  a  lot  of  them.  Then  Mr.  Preece  says, 
with  regard  to  testing :  ^^  There  is  a  widespread  impression  that 
"  insulation  varies  inversely  with  the  potential  of  the  battery 
**  employed.  This  is  a  mistaken  notion.**  With  regard  to  this, 
some  tests  have  been  made  at  our  works,  and  the  following  table 
gives  the  results : — 
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Mr 

BiSIlWIML 


Description. 

Naof 

Lecknch^  Cells. 

Insulation  after 
One  Minuted 
Electrification. 

Grutta-Percha  Core 

100 
200 
500 
700 
1,000 
1^200 

Mef»hffiB. 
3,468 

3,366 

3,267 

3,117 

3,086 

3,021 

High  Insulating  India  Rubber 
vJore     •••     •••     ,»,     a,.     ••• 

100 
200 
500 
700 
1,000 
1,200 

8,054 
7,916 
7,470 
7,268 
6,705 
6,245 

Ordinary  India-Rubber  Core  ,.. 

1 

100 
200 
500 
700 

513 
462 
419 
355 

Lead  Cable,  C  Impregnation   ... 

100 
200 
500 
700 
1,000 
1,200 

2,813 
2,674 
2,541 
2,224 
2,057 
1,798 

Lead  Cable,  A  Impregnation  ...   < 

100 
200 
500 
700 
1,000 
1,200 

2,602 
2,492 
2,425 
2,345 
2,274 
2,212 
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You  will  see  that  in  all  cases,  with  very  dififerent  insulating  Mr. 
materials,  the  insulation  resistance  came  down  with  the  inci:ease 
of  differenee  of  potential.  Then,  with  regard  to  the  duration  of 
time,  it  will  interest  you  to  hear  that  some  cable  which  we  had  at 
Frankfort,  and  worked  there  every  day  for  a  few  hours  with 
20,000  volts,  had,  before  leaving,  1,204  megohms  at  76°  Fah., 
and  when  returned  to  our  works  the  insulation  was  1,200 
megohms,  so  practically  it  was  exactly  the  same.  A  second  coil 
was  1,053  megohms  before,  and  after  it  came  bade  1,009,  so 
practieally  it  was  not  altered  at  all. 

Professor  Perry  :  Had  it  been  in  use,  or  only  on  show  ? 

Mr.  Siemens  :  Every  day  for  a  few  hours  it  burned  a  number 
of  lights  at  the  Marine  Exhibition  at  Frankfort ;  it  was  buried 
underground  and  used.  Then,  with  regard  to  the  duration  of  lead 
cables,  I  would  like  to  confirm  Professor  Forbes.  They  seem  to 
last  exceedingly  well  if  well  protected  against  injury.  We  have 
now  laid  about  16  miles  for  the  London  Electric  Supply  Company, 
and  it  has  been  in  use  for  two  years  without  the  slightest  mishap. 
I  think  in  one  case  some  other  people  were  digging  up  the  street 
and  damaged  a  joint  box ;  but  that  has  nothing  to  do  with  the 
insulation  of  the  cable,  and  that  is  the  only  thing  that  has 
happened. 

The  President  :  The  scrutineers  report  that  all  the  following 
candidates  have  been  elected  : — 

Foreign  Members: 
Professor  H.  Hering.  |       August  Heilbom. 

Memhera : 
Paul  Bedford  Elwell.  |       Francis  Teague. 

Associates  : 


C.  P.  Buckell. 
Thomas  Clark. 


Thomas  Joseph  Clarke, 
George  Neill. 
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StvdeifUa : 


G.  H.  Baillie. 
Leonard  Barlow. 
Cuthbert  W«  Barnes. 
Percy  Harry  Budgen. 
William  Banson  Cooper,  M.  A. 
Charles  V.  Drysdale. 
George  Harold  Datton* 
Wilfred  H.  Everett. 
Henry  C.  D.  Fearon. 
Edwin  Stanley  Franklin. 
Bernard  Booth  Granger. 
Julian  Halford. 


William  Thomas  Hodgson* 

Hugo  W.  Keififenheim. 

Percy  W.  Paget. 

M.  S.  Poore. 

Arthur  Henry  Roe. 

H.  Sydney  Smith. 

Alan  Smout. 

Arthur  Stanley  Tugwell. 

Claude      Henry      Chaloner 

Woodhouse. 
Waiiam  Walker. 


The  President:   The  discussion  on  Mr.  Preece's  paper,  and 
also  on  Mr.  Siemens's,  will  be  continued  this  day  week. 

The  meeting  then  adjourned.. 
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The  Two  Hundred  and  Thirty-second  Ordinary  General  Meeting 
of  the  Institution  was  held  at  the  Institution  of  Civil 
Engineers,  25y  Great  George  Street,  Westminster,  on 
Thursday  evening,  February  25th,  1892— Professor  W.  E. 
Aykton,  F.E.S.,  President,  in  the  Chair. 

The  minutes  of  the  Ordinary  General  Meeting  held  on 
February  18th  were  read  and  approved. 

The  names  of  new  candidates  for  election  into  the  Institution 
were  announced  and  ordered  to  be  suspended. 

Messrs*  Vose  and  Fairfax  were  appointed  scrutineers  of  the 
ballot. 

The  President:  We  will  now  resume  the  discussion  on  Mr. 
Preece's  imper. 

Mr.  Stuart  A.  Eussell:  In  discussing  the  question  of  how  Mr.  Russeii. 
best  to  specify  for  an  electric  light  cable,  Mr.  Preece  has 
neglected  altogether  the  mechanical  properties  and  durability 
of  the  dielectric,  and  has  thus  put  himself  in  such  a  position 
that  it  is  really  impossible  for  him  to  come  to  any  conclusion 
which  is  at  aU  reliable.  He  has  stated,  without  taking  into 
consideration  the  efifect  of  these  qualities,  that  a  certain  thickness 
and  specific  insulation  should  be  specified  for  all  conductors; 
but,  Sir,  I  would  compare  this  method  of  procedure  with  what 
is  done  with,  say,  engines  or  dynamos.  What  would  a  dynamo 
maker  say  if  we  drew  up  a  specification  ifa  which  we  stated  that 
certain  proportions  should  exist  between  the  weights  of  iron 
and  of  copper  in  the  machine,  or  between,  say,  the  number  of 
ampere-turns  on  the  armature  and  the  dimensions  of  the  polar 
air  gap,  and  at  the  same  time  we  said  this  should  apply  to 
all  types  and  sizes  of  machines  ?  I  think  a  manu£Eu^turer  would 
probably  be  somewhat  surprised  at  receiving  such  a  specification ; 
and  although  he  might  make  such  a  machine  as  a  manufsM^turer, 
he  would  certainly  decline  all  responsibility  for  its  behaviour. 
We  find,  however,  that  Mr.  Preece  is    really  attempting    to 
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Mr.  Runeu.  treat  the  subject  of  cables  in  much  the  same  foshion ;  but  I 
think  our  best  plan  will  be  to  do  with  them  as  we  do  with 
engines  and  dynamos,  and  not  attempt  to  enter  into  details, 
but  go  to  a  maker  who  has  a  reputation  to  lose,  tell  him  what 
it  is  we  want  the  cable  to  do,  and  leave  the  details  of  manu- 
facture to  him.  There  are  a  great  many  points  in  the  paper 
on  which  one  might  speak,  but  there  is  not  time  to  take  them 
all,  and  I  woidd  therefore  propose  to  confine  myself  more 
especially  to  the  question  of  thickness  required  at  high  pressures. 
But  before  starting  on  that  I  should  like  to  say  that  I  ^ddorae 
entirely  the  remarks  of  several  speakers  at  the  last  meeting 
who  pointed  out  that  specific  insulation  was  by  no  means  a 
reliable  guide  to  the  quality  of  the  material.  Various  facts  were 
brought  forward  at  the  last  meeting,  and  I  have  prepared,  as 
an  additional  aid  in  support  of  this  contention,  a  table  of  tests  on 
rubber  cables,  taken  from  a  number  of  tests  made  on  experimental 

Tests  on  Cables  Insulated  with  Vulcanised  Eubber.  Tested 
IN  Water  at  60°  Fah.  after  24  Hours*  Immersion  and 
One  Minute's  Electrification.  Testing  E.M.F.,  between 
500  AND  600  Volts. 


Imnxi,  Besistaitce.               j 

Sbsistaxcb  AviBit  4^  Teaks. 

Megobms  p«r 
MUe. 

SpMific  Inflation 
in  FropoMd  Unite. 

Megohms  per 
Mile. 

Specific  Iiwnhuioii 
in  Proposed  Unit*. 

5,500 
3,800 

611 

1,180 

1,500 

14,500 

660 

5-58 
3-86 
0-62 
1-20 
1-52 
14-72 
0-87 

1,750 
340 
630 

1,200 

1,530 
14,600 

1,300 

1-78 
0-35 
0-64 
1-22 
1-55 
14-82 
1-32 

rubber  cores  which  have  been  going  on  for  several  years;  and 
although  I  will  not  read  out  the  whole  of  this  table,  I  will  just 
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mention  three  cases.  First,  taking  a  high  specific  insulation,  Mr.  itassen. 
a  cable  having  an  initial  insulation  of  14*72,  in  the  units  pro- 
posed by  Mr.  Preece,  after  4J  years  gives  14*82 ;  another,  giving 
— ^to  take  a  low  figure — 0*62  initial  insulation,  gives  after  4J 
years  0*64;  thus  showing  that  both  very  high  and  very  low 
specific  insulations  may  exist  with  dielectrics  that  remain  un- 
changed for  years.  Mr.  Preece  has  suggested  that  our  salvation 
lies  in  striking  the  happy  mean  and  sticking  close  to  the 
normal,  although  I  am  sorry  to  say  he  has  not  toM  us  what 
that  normal  is.  But  I  have  here  an  initial  intsulation  of  3*86, 
which,  I  suppose,  must  be  somewhere  about  the  normal,  and 
after  4^  years  this  has  Mien  to  0*35,  or  less  than  one-tenth  of 
the  initial  insulation. 

With  these  few  remarks,  I  woidd  now  pass  on  to  the 
question  of  the  thickness,  which  is  especially  interesting  to 
me,  because  I  have  had  occasion  to  make  a  good  many  tests 
on  that  subject;  and  here  I  think  Mr.  Preece  takes  up  an 
altogether  untenable  position  when  he  tells  us  that  the 
thickness  of  the  dielectric  should  be  settled  primarily  by  the 
striking  distance  in  air.  He  entirely  neglects  the  fact  that 
materials  differ  very  much  in  quality,  and  that  they  all  differ 
from  air  so  far  as  disruptive  strain  is  concerned ;  and  it  seems 
to  me  very  imfair  that  good  quality  materials,  which  do  not  crack 
«hould  be  handicapped  by  an  inordinate  thickness  being  required, 
simply  because  there  are  some  materials  which  happen  to 
possess  this  failing  of  cracking  in  rather  a  marked  degree. 
But  if  we  suppose  it  necessary  to  take  these  cracks  into  con- 
fiideration,  I  then  say  that  the  thickness  proposed  by  Mr.  Preece 
IB  altogether  insufficient,  because  the  pressure  will  not  then 
be  maintained  between  two  electrodes  surrounded  by  air,  but 
between  two  electrodes  connected  by  a  damp  and  dirty  surface, 
and  it  is  well  known  that  under  such  conditions  a  spark  will  pass 
over  many  times  the  distance  it  would  pass  in  air.  With  regard 
to  the  difference  between  the  various  dielectric  materials  and  air, 
the  paper  read  by  Mr.  Siemens  the  week  before  last  affords  us 
a  very  excellent  proof  of  how  great  that  difference  is,  and  how 
wrong  it  is  to  treat  them  all  on  a  similar  basis ;  for,  if  we  look  at 
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Mr.  RusBeii.  the  cuTves  on  Diagram  No.  7,  we  see  how  vastly  superior 
vulcanised  india-rubber  is  to  impregnated  fibre,  and  both  of  them 
to  air.  Mr.  Preece  has  also  quoted  the  Board  of  Trade  rules  in 
support  of  his  suggestion  as  to  the  thicknesses  to  be  used.  Now, 
Sir,  it  is  well  known  to  all  of  us  who  are  practically  working  at 
this  subject  that  the  Board  of  Trade  rules  have  been  drawn  up 
with  an  entire  neglect  of  the  quality  of  the  material.  They 
specify  a  particular  thickness :  there  is  not  a  word  in  the  rules 
which  defines  the  quality ;  and,  in  fact,  the  result  of  the  rules  has 
been  to  induce  people  to  look  round  for  a  cheap  and  nasty 
material  which  they  can  afford  to-  put  on  to  the  thickness 
required  by  the  Board  of  Trade  without  incurring  very  serious 
expense ;  and  I  believe  this  method  of  specifying  for  a  particular 
thickness,  and  neglecting  all  other  qualities,  has  the  effect  of 
absolutely  undoing  the  intention  of  the  rules,  because  it  induces 
people  to  use  a  cheaper  material  which  is  more  liable  to  crack, 
and  when  these  cracks  appear,  the  safety  one  expects  to  be  gained 
by  using  great  thicknesses  entirely  disappears.  I  should  like  to 
further  emphasise  this  difference  between  air  and  other  materials 
by  quoting  the  figures  of  some  tests  I  have  made  on  rubber- 
covered  wires  of  various  qualities.  I  may  say  that  the  sizes  were 
chosen  so  that  the  experiments  should  be  made  on  veiy  thin 
coverings,  because  it  was  considered  that  any  difficidty  of  manu- 
&cture  would  be  considerably  enhanced  with  a  thin  covering, 
and  whatever  pressure  these  thin-covered  wires  might  stand 
might  very  well  be  taken  as  a  safe  standard  for  all  other 
wires.  In  the  first  place,  however,  I  will  mention  the  testa  with 
two  qualities  of  sheets,  several  sheets  being  tried  in  each  case, 
and  the  average  taken*  The  thickness  in  the  first  case  was  20 
mils  (0*020  in.),  specific  insulation  in  Preece  units  about  10,  and  the 
sheets  broke  down  at  11,600  volte.  By  a  strange  coincidence  the 
other  set  of  sheetis,  whose  thickness  was  21  mils,  and  specific 
insulation  about  13,  broke  down  at  exactly  the  same  pressure, 
taking  the  average  of  all  the  tests  in  each  case.  Tests  were  also 
made  on  three  qualities  of  wire  which  I  will  call  a,  b,  and  c;a 
and  b  being  ordinary  stock  wires  used,  I  believe,  for  wiring  fittings 
where  the  tubes  are  often  so  small  that  wires  with  a  respectable 
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diameter  cannot  be  got  in,  whilst  c  was  a  length  of  experimental  Mr  Bxamm 
core  specially  made  for  this  test.  In  all  cases  the  conductor  was 
28  mils  in  diameter,  and  was  covered  with  one  layer  of  pure  and 
one  layer  of  vulcanised  rubber  to  a  thickness  of  28  mils.  A 
coil  of  each  wire  was  cut  into  a  number  of  equal  lengths,  each 
length  was  immersed  in  water,  connected  with  a  transformer,  and 
the  pressure  gradually  raised  until  the  dielectric  gave  way,  the 
time  being  probably  two  to  three  minutes  from  the  moment  of 
starting  until  it  broke  down.  Of  the  wire  a,  whose  specific 
insulation  was  about  1*25,  11  lengths  were  tested:  one  broke 
down  at  4,500  volts,  one  at  5,300  volts,  and  nine  between  4,800  and 
5,000  volts,  the  mean  being  4,910  volts.  Of  the  6  quality  of  wire, 
having  a  specific  insulation  of  about  2*5^  10  lengths  were  tested : 
one  broke  at  6,100,  one  at  6,200,  one  at  6,650,  and  seven  between 
6,300  and  6,550  volts,  the  mean  being  6,420  volts.  The  third 
wire,  c,  was  of  much  higher  specific  insulation,  and  shows 
very  clearly  that  specific  insulation  is  no  guide  to  the  resistance 
of  the  material  to  disruptive  strain.  The  specific  insulation 
was  13,  and  of  five  lengths  tested  one  broke  down  at  5,020,  and 
one  at  5,530  volts,  the  mean  of  the  five  tests  being  5,266  volts. 
Now,  Sir,  it  appears  to  me  that  the  considerable  regularity  of  the 
results  obtained  with  each  of  these  wires  shows  very  distinctly 
that  even  with  such  a  small  thickness  as  28  mils — ^very  much 
below  that  proposed  by  Mr.  Preece  as  his  minimum — it  is  possible 
to  get  by  careful  manufacture  very  even  results.  Another  point 
that  has  been  raised  is  the  effect  of  time  in  tests  of  this  kind. 
Now  another  coil  of  ¥m:e  a — specific  insulation  1*25,  thickness  of 
dielectric  28  mils — was  immersed  in  water,  and  a  pressure  of  4,000 
volts  was  maintained  on  it  until  a  fault  occurred ;  when  the  fault 
occurred  it  was  cut  out,  and  the  remainder  of  the  wire  again 
started  on  test.  By  this  means  a  series  of  breaks  was  got, 
occurring  after  the  following  intervals  of  time : — ^The  first  occurred 
at  13  mins.  after  the  pressure  was  applied,  the  second  at  14 
mins.,  the  third  at  19  mins.,  the  fourth  at  47  mins.,  the  fifth 
st  1  hr.  12  mins.,  the  sixth  at  1  hr.  34  mins.,  the  seventh  at 
2  hrs.  11  ndns.,  the  eighth  at  3  hrs.  28  mins.,  the  ninth  at 
7  hrs.  40  mins.,  and  the  tenth  at  8  hrs.  53  mins.    The  remainder 
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itt.  RinseM:  of  the  wire  was  then  subjected  to  a  gradually  increasing  preflsuie 
until  it  broke  down,  which  occurred  at  5,750  volts,  <x  nearly 
10  per  cent,  higher  than  the  maximum  pressure  required  in  the" 
first  set  of  tests  on  the  same  quality  wire.  This  clearly  showB 
that  pressures  not  much  below  the  breakdown  pressure  ha^e  a. 
very  marked  effect  on  the  dielectric  if  appUed  continuously  for 
hours,  and  that  when  working  near  the  breaking  limit  a 
deterioration  does  take  place  through  the  gradual  breaking  down  of 
weak  places  in  the  dielectric.  In  this  case  the  pressure  used  was 
90  per  cent,  of  the  lowest  Inreaking-down  pressure  required  in  the 
first  set  of  tests ;  but  other  tests  made  in  the  course  of  oidinacy 
work — testing  cables  before  their  being  supplied  to  customers — 
show  that  when  a  voltage  considerably  below  the  breaking-down 
pressure  is  used  there  is  no  bad  effect  on  the  dielectric.  For 
instance,  pressures  of  20  per  cent,  of  the  breaking  pressure,  so 
&r  as  my  experience  goes,  will  do  no  harm,  and  pressures  of 
50  per  cent,  of  the  breaking  pressure  may  be  continued  on  th^ 
wire  for  a  few  hours  without  doing  any  damage  if  the  cable  ia 
originally  sound.  I  may  quote  a  case  which  occurred  in  the 
ordinary  course  of  testing  a  cable,  in  which  there  was  an  incipient 
£Biult,  although  it  was  so  small  the  usual  insulation  test  did  not 
show  it.  A  drum  of  cable,  testing  at  about  6,000  megohms  per 
mile  before  the  high-pressure  test  was  applied,  after  two  or  three 
hours  at  5,000  volts  gave  1,300  megohms.  The  pressure  was 
applied  again  for  about  an  hour,  and  the  insulation  resistance  fell 
to  300 ;  whilst  a  third  application  of  the  high  pressure  broke  the 
dielectric  down  altogether.  The  fault  was  then  cut  out  and  the 
cable  put  into  the  tank  with  the  fault  clear  of  the  water,  and 
it  then  gave  exactly  the  same  insulation  resistance  as  when  it  waa 
tested  before  the  application  of  the  high  pressure. 

This  is,  I  believe,  the  very  best  test  which  can  possibly  be 
applied  to  cables  which  are  to  resist  high  pressures — ^namely,  ta 
subject  a  cable  to,  say,  three  times,  or  thereabouts,  the  pressuie 
that  is  to  be  used,  and  to  compare  the  insulation  resistance  aa 
measured  before  and  after  the  test  to  see  whether  there  is  ang^ 
diange  in  it ;  as^  if  the  resistance  is  unaltered,  the  coble  may  then 
be  passed  as  sound,  and  equal  to  withstanding  the  pressure  for 
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The  Pbesideivt:  We  have  another  paper  to  discuss,  and,  as  we  The 

^   ^  '  '      ^  Preaideak 

have  a  paper  promised  for  next  time,  we  are  anxious,  if  possible^ 
to  finish  the  discussion  on  both,  this  evening.  Mr.  Crompton  has 
been  good  enough  to  bring  some  specimens  of  cable,  and  perhaps 
he  would  like  to  speak  upon  them. 

Mr.  Crompton  :  I  only  put  those  in ;  I  do  not  desire  to  speak 
in  reference  to  them.- 

Mr.  M.  F.  BOBERTS :  I  just  wish  to  explain  that  the  samples  ^\^^^^ 
of — ^I  do  not  like  to  say  of  india-rubber,  but  suppose  I  must — 
the  samples  of  india-rubber  which  Mr.  Gray  manufiu5tured  out  of 
old  goloshes  and  so  on,  have  not  met  the  test  I  explained  here 
last  week.  I  have  here  the  sample  Mr,  Gray  gave  me,  and  that 
it  has  not  stood  the  test  is  self-evident.  [Sample- passed  round 
meetimg.']  The  point,  however,  is  that  nobody  could  possibly 
mistake  this  sample  for  india-rubber ;  it  looks  more  like  concrete 
than  anything  else,  and  has  a  disgusting  smell.  It  altogether 
fails  to  pass  the  dry  test ;  but  even  if  this  had  not  been  the  case, 
it  would  not  be  &ir  to  say  the  test  is  imreliable  for  rubber,  and  in 
proof  to  produce  a  sample  which  no  electrical  engineer  could 
possibly  mistake  for  rubber. 

Mr.  W.  Gray  :  That  sample  had  already  been  tested.  If  it  is  sub-  ^-  ^"^-^ - 
jected  to  two  continuous  tests,  it  may  not  survive  them.  Of  course 
in  such  a  test  the  question  of  time  is  of  great  importance.  What 
I  say  is,  that  it  is  possible  to  make  out  of  old  goloshes  and  similar 
material  an  apparently  good  cable,  which  would  pass  Mr.  Preece's 
test  as  specified.  I  do  not  say  that  it  would  stand  several 
repeated  tests,  or  continual  application  of  heat ;  as  I  have  already 
stated,  such  material  is  not  durable,  and  Mr.  Preece's  test,  as 
it  stands,  is  not  therefore  a  test  of  durability. 

Mr.  Swinburne  :  The  sjMtrking  distance,  taken  by  itself,  has,  I  gjjini,„m^ 
think,  little  to  do  with  the  questions  before  the  meeting.  The 
pressure  is  only  one  of  the  &ctors  which  determine  the  sparking 
distance  in  air ;  the  form  of  the  electrodes  is  the  other.  For 
instance,  if  two  infinite  discs  1  centimetre  apart  spark  under 
10,000  volts,  the  rate  of  fall  of  potential  in  the  air  is  1,000  volts 
per  millimetre  at  the  instant  of  rupture.  If  two  points  are 
substituted  for  the  discs,  the  fall  of  potential  is  no  longer  uaiibrm. 
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lir.  SO  that  near  the  points  themselves  it  is  much  greater  than  1,000 

Swinbnmp.  o  ^ 

volts  per  millimetre.  The  breakdown  thus  begins  at  the  points, 
and  extends.  The  air  is,  in  fact,  torn.  With  long  sparking 
distances  the  small  discs  commonly  used  are  little  better  than 
points,  the  fall  of  potential  being  much  more  rapid  at  the  edges 
than  elsewhere. 

The  breaking  down  of  a  cable  has,  of  course,  nothing  to  do 
with  the  insulation  in  megohm  miles,  but  a  disruptive  discharge 
in  indiarrubber  probably  resembles  the  same  phenomenon  in  air. 
The  question  to  consider  is,  then,  not  the  average  fell  of  potential 
taken  across  the  whole  of  the  covering,  but  the  maximum  rate  of 
fall,  which  is  at  the  sur&x^e  of  the  wire.  To  secure  a  certain 
thickness  of  dielectric  per  1,000  volts  at  the  parts  where  the 
electrical  stress  is  greatest  thus  demands  a  thicker  coating  for  a 
small  than  a  large  wire.  A  particle  of  conducting  material  in  the 
coating  may  start  a  tear  in  the  coating,  just  as  a  sharp  point  will 
start  a  spark  from  an  electrical  machine.  A  point  does  not  dis- 
charge an  electric  machine  because  it  presents  a  large  surfece, 
but  because  it  produces  a  distribution  of  potential  such  that  the 
stress  just  round  it  is  greater  than  the  air  will  stand. 

What  we  want  to  know  is  the  disruptive  strength  of  materials — 
that  is  to  say,  the  volts  per  centimetre  needed  to  break  it  down, 
the  stress  being  uniform.  The  insolation  should  be  such  that  at 
all  parts  of  the  coating  the  stress  is  less  than  this,  a  fector  of 
safety  being  of  course  taken. 

If  a  crack  exists  in  a  cable,  the  sparking  distance  is  unimpor- 
tant.   What  has  to  be  considered  is  the  creeping  distance,  which, 
as  Mr.  Stuart  Eussell  has  pointed  out,  is  enormously  greater. 
Mr.  Eeson,  Mr.   W.  B.   EssoN:   Referring  to    the  specification  in   Mr. 

Preece's  paper,  he  states  as  the  6th  condition  that  "  the  weight 
^^  of  copper  used  is  to  be  such  that  the  loss  of  volts  between  the 
"  distributing  switch  and  the  furthest  lamp  when  full  load  is  on 
"shall  not  exceed  1  per  cent.''  1  take  "full  load"  to  mean  all  the 
lamps,  and  think  the  figure  of  1  per  cent,  much  too  low.  It 
ought  to  be,  as  a  usual  thing,  2  per  cent.,  and  for  the  reason  that 
rarely  in  any  building  are  all  the  lamps  lighted  at  the  same  time. 
In  an  ordinary  house,  generally  not  more  than  half  of  them  are 
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alight,  8o  1  per  cent,  ought  not  to  be  a  fixed  thing  for  every  Mr.  Esson 
installation^  but  there  ought  to  be  taken  into  account  the 
particular  circumstances  regulating  the  number  of  lamps  simtd- 
taneouflly  alight  in  the  building  to  be  wired.  With  an  allowance 
for  a  private  house  of  2  per  cent,  when  all  the  lamps  are  on, 
there  is  always  less  than  1  per  cent,  drop  in  actual  working. 
Another  point  is  that  Mr.  Preece's  clause  6  is  not  quite  complete. 
Though  the  size  of  the  cable  is  limited  in  one  direction  by 
specifying  the  number  of  volts  loss  which  must  occur  between  the 
distributing  switch  and  the  furthest  lamp,  it  wants  limiting  in 
another  direction  by  specifying  the  current-density  which  must 
not  be  exceeded  in  the  shortest  circuits.  If  you  have  a  very 
ehort  circuit  it  is  possible  to  lose  only  1  per  cent,  and  yet 
dangerously  heat  the  conductors,  so  there  ought  to  be  added  to 
the  clause  something  like  this :  The  voltage  loss  shall  not  exceed 
1  per  cent  (or  2  per  cent.,  as  the  case  may  be),  and  in  no 
conductor  shall  the  current-density  exceed  1,000  amperes  per 
square  inch.  It  is  a  very  important  point  to  specify  the 
maximum  current-density,  as  well  as  the  loss  of  volts  allowable. 

I  might  mention  that  cable  makers  are  well  aware  that 
conductors  of  large  diameter  insulated  to  the?  same  thickness 
with  material  of  the  same  quality  have  a  less  insulation  resistance 
than  small  cables.  This  is  well  shown  by  a  manufacturer's  list  I 
have  in  my  hand,  which  gives  the  specifications  of  all  sizes  of 
cables  from  7/22  to  37/15,  the  former  having  a  dielectric  resistance 
of  6,000  megohms,  and  the  latter  1,000  megohms  per  statute  mile. 
Xot  only  are  the  complete  data  of  the  cables  given,  but  there  is  a 
drawing  to  scale  as  well,  showing  for  all  sizes  the  diameter  of  the 
copper,  the  thicknesses  of  the  pure  rubber  tape,  of  the  separator, 
of  the  vulcanised  rubber  jacket,  and  of  the  outside  braiding  and 
compounding.  It  would  be  advantageous  if  all  makers  of  cables 
followed  this  example* 

Mr.  J.  P.  Hooper  :  I  would  beg  to  state  that,  so  far  as  my  Mr.  Hooper. 
experience  goes,  the  specific  resistance  quoted  by  Mr.  Preece  in 
his  paper  for  Hooper's  core  is  too  high.    I  believe  it  is  not  more 
than  two-thirds  of  the  figure  given  in  the  paper,  if  as  much ;  and 
it  is  only  fair  to  manu&cturers  to  have  this  corrected.    On  the 
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Mr  Hooper  #ther  hand^  a  higher  insulation  can  be  obtained  by  increasing  the 
^toportion  of  sulphur;  but  Tvhether  this  is  safe  or  otherwise 
Mmains  to  be  proved  by  experience. 

As  far  as  durability  ie  concerned,  Hooper's  core  will  not  statid 
for  a  series  of  years  alternately  wet  and  dry  in  the  tropics. 
After  a  few  years  shore  ends  of  cable  between  high  and  low  water 
have  fallen  in  insulation.  Whether  this  applies  to  the  insulation 
being  used  for  electric  light  wires  at  the  present  time  is  also 
a  q«i6Stion  of  experience. 

We  have  never  varied  in  our  manufacture :  as  the  cores  were 
made  in  1866  so  they  are  made  now;  and  referring  to  a  remark  in 
the  book  of  thejate  Willoaghby  Smith,  where  it  is  stated  that  he 
was-  not  aware  of  what  had  become  of  the  Persian  Gulf  cable 
jettisoned  in  the  Channel  in  1868, 1  am  glad  to  be  able  to  state 
that  it  is  working  satisfactorily  at  the  present  day. 

Ml.  Ma\or.  Mr.  A.  E.  Mavor  t  I  am  sorry  I  had  not  the  opportunity  of 
attemding  any  of  the  former  meetings  when  this  subject  was 
discussed.  I  missed  Mr.  Preece's  paper  and  the  discussion. 
However,  I  have  carefully  lead  the  paper,  and  those  gentlemen 
«rho  discussed  it  last  week  have  been  kind  enough  to  tell  me  the 
suJbstance  of  what  they  sai  I.  I  think,  in  so  far  as  Mr.  Preece's 
paper  related  to  the  necessity  of  manufisusturem  dearly  describing 
what  they  manufacture,  it  has  done  good,  and  will  do  more  good. 
The  numerous  classes  of  conductors  described  by  various  symbols 
iif  the  price  lists  of  the  manufacturers  are,  as  a  rule,  confusing 
and  unnecessary.  The  requirements  of  the  trade  in  this  depart- 
ment are  well  understood,  and  I  believe  that  manufacturers 
should  firmly  specify  the  conductors  most  suitable  for  the  various 
classes  of  work.  It  is  not  sufficient  to  state  the  number  of 
megohms  and  the  nature  of  the  external  covering,  but  the 
maximum  potential  at  which  the  conductors  may  be  used  should 
be  stated,  and  the  nature  of  the  installations  for  which  they  are 
.^pedally  adapted.  The  durability  of  the  various  insulations  is 
^perhaps  the  most  important  part  of  this  question.  The  cable 
insulated  with  old  goloshes,  and  referred  to  by  Mr.  Gray  as  being 
capable  of  passing  the  Post  Office  tests,  has  little  interest  for  us, 
88  it  admittedly  does  not  possess  even  sufficient  durability  to 
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stand  a  repetitEon  of  the  tests»    It  is  not  tbi»  tefitiBg,  but  tl^e  Mr  MMi«r. 
snbaeqnent  history^of  the  cable,  which  is  moet  importAQt.    Neither 
the  Silvertown  Company  nor  any  of  us  ever  nuide  cables 'only  for 
the  purpose  of  testing  ;  the  cables  are  made  to  be  uoed,  and  npt 
ncMTely  for  the  purpose  of  passing  a  test. 

Mr.  Stuart  Eussell:  I  may  say  that  our  cables  are  the 
result  of  experience  gained  by  testing  for  many  years. 

Mr.  Mayor  :  Probably ;  I  should  say  certainly*  But  you  do 
not  make  cables  merely  to  pass  a  tesL. 

The  President  :  There  seems  to  be  a  little  confusion  arising 
£rom  a  misunderstanding.  I  may  point  out  that  Mr.  Preece  has 
added  a  good  deal  about  durability  since  the  paper  was  first  read. 

Mr.  Mayor:  I  understand  Mr.  Gray  has  every  faith,  and. all 
manufacturers  have  the  stix^ngest  faith  in  their  own  manufa^;- 
tores.  That  is  quite  my  position.  Most  of  us  have  a  strong 
belief  in  Para  rubber,  but  few  of  us  w«uld  plaee  much  relian^^^e 
on  rubber  compounds.  The  mone  prominent  the  question  of 
dxirability  becomes,  the  less  we  shall  hear  of  those  lemarkable 
mixtures.  Mr.  Gray  does  not  believe  it  possible  to  make  a 
durable  cable  on  the  principle  which  has  been  adopted  by 
Messrs.  Siemens  and  the  Fowler-Waring  Company  for  their 
lead-covered  cables;  but  be  will  come  to  believe  it:  he  w^l 
be  obliged  to. 

Mr.  Alfred  Whallet  [eommwniecUed] :  The  determination  of  "J^j 
specific  insulation  in  terms  of  Mr.  Preece's  convenient  unit  is 
dependent  upon  the  accuracy  of  the  vahies  given  to  D  and  d.  (D 
is  easily  measured.  As  regaxds  d,  on  page  609,  vol.  xz.,  Jijfar. 
Preece  defines  this  as  the  ^^  inner  diametesr "  of  the  "  insnlai'iug 
'^  sheath ; "  while  in  the  table>of  tests  on -page  616  it  is  called  t(he 
**  diameter  of  the  conductor,"  and  measured  as  the  outside  diameter 
in  the  case  of  stranded  conduators.  If  all  the  stranded  conduct<)rs 
ised  for  electric  lighting  were  made  up  of  the  same  number '.of 
wires  and  insulated  with  the  same  material,  it  would  be  a  simjie 
matter  to  determine  the  proper  percentage  reduction  of  the 
ontflide  diameter  of  a  strand  needed  to  obtain  d  as  the  virtual 
iatner  diameter  of  the  insulating  sheath*  Should  this  reduci^n 
be  a  Tnayjmnm  of  5  per  cent,  far  a  given  material  cgve4n|p  a 
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Jit  „  stranded  conductor  formed  of  but  a  few  wires,  the  error  introduced 
by  neglecting  it  and  taking  d  as  the  full  outside  diameter  of  the 
copper  strand  would  make  the  true  specific  insulation  of  the 
material  to  be  from  13^  per  cent,  to  4(  per  cent,  bdow  the 
calculated  value  when  the  ratio  of  D  over  d,  thus  measured,  has  a 
range  of  1*4  to  3.  Insulating  materials  which  entirely  fill  the 
grooves  on  the  outside  of  a  stranded  conductor  would  thus  have 
a  considerable  advantage  given  them,  when  being  compared 
with  insulating  materials  which  do  not  fill  the  grooves. 

It  will  help  to  avoid  misunderstandings  if  specifications  drawn 
up  on  this  lines  suggested  by  Mr.  Preece  contain  a  clause  stating 
clearly  how  d  shall  be  reckoned,  having  regard  both  to  the 
numbers  of  wires  forming  the  stranded  conductors,  and  to  the 
insulating  materials  which  may  be  used. 

The  Phesident:  Mr.  Preece  is  unable  to  be  present  this 
evening,  but  will  communicate  his  reply  in  writing. 

Mr.  W.  H.  Preece  [cammuni>c<Ued] :  I  fail  to  read  anything 
in  this  discussion  to  which  I  have  to  reply,  for  the  speakers  have 
80  thoroughly  answered  each  other.  Frequent  reference  is  made 
to  an  imaginary  specification  contained  in  my  paper.  The 
paragraphs  numbered  from  1  to  10  at  pages  618  and  619  are 
merely  principles  imderlying  two  or  three  specifications.  They 
are  not  intended  to  be  a  specification  per  se. 

It  is  clearly  forgotten  by  the  speakers  that  the  Board  of  Tirade 
rule  for  aerial  conductors,  printed  at  page  613,  was  recommended 
by  the  Council  of  this  Institution  itself  to  the  Board  of  Trade,  and 
was  in  consequence  adopted  by  that  Department.  It  was  arrived  at 
after  considerable  discussion  and  inquiry  by  a  Committee  of  the 
Qouncil.  Mr.  Crompton  was  a  member  of  this  Committee.  It 
admits  a  thoroughly  practical  and  useful  standard,  £rom  which  the 
thickness  of  the  insulating  medium  can  be  determined,  and  it  is 
the  only  standard  that  has  as  yet  been  suggested  for  high-pressure 
feeders  and  mains. 

The  President:  I  will  now  call  on  Mr.  Siemens  to  answer 
0ome  questions  asked  when  his  paper  was  read,  and  not  replied 
4o  at  the  time  owing  to  his  then  being  away  through^ll  health. 
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Mr.  A.  SiEBfEMS :  The  first  question  was  by  Mr.  Swinburne,  Mr. 
who  asked  how  long  the  E.M.F.  was  on  the  different  cables  before 
the  breakdown  occurred.  All  the  experiments  were  started  with 
a  potential  difference  of  about  half  the  potential  difference  with 
which  it  was  expected  that  the  cable  would  break  down,  and  then 
the  potential  difference  was  raised  step  by  step,  the  steps  being 
large  at  firsts  and  becoming  smaller  as  the  limit  was  approached. 
Then,  also,  the  raising  of  the  voltage  from  one  step  to  another  was 
not  accomplished  at  a  jump,  but  it  was  accomplished  in  about  two 
to  five  minutes.  Each  step  was  left  on  at  least  a  quarter  of  an 
hour,  sometimes  for  several  hours,  and  even  sometimes  for  days, 
but  never  less  than  a  quarter  of  an  hour. 

Then  there  was  some  question  about  the  sparking  distance 
in  air — how  long  it  took  before  the  spark  passed.  The  paper 
describes  exactly  how  the  experiments  were  made.  They  were 
all  repeated  several  times,  and  the  several  sp&rking  distances 
did  not  vary  more  than  1  per  cent,  for  each  voltage.  In 
this  case  it  seems  that  the  time  that  the  voltage  is  left  on  has 
absolutely  no  influence  on  the  sparking  distance — I  mean  in  the 
cables;  as  some  previous  speakers  have  already  remarked,  the 
sparking  would  occur  after  a  certain  length  of  time.  But  the 
sparking  in  air  would  either  occur  at  once  or  not  at  all. 

The  vulcanised  sheet  rubber  used  in  the  experiments  was 
exactly  the  same  as  that  used  for  the  insulation  of  the  cables. 

Mr.  Trotter  asked  how  the  thickness  of  the  insulation  of  the 
concentric  cables  was  determined.  It  was  measured — and  the 
result  was  also  checked  by  calculation — from  the  outer  diameter  of 
the  inside  conductor  to  the  inside  diameter  of  the  outer  conductor. 

Mr.  Baworth  asked  whether  the  india-rubber  of  10  mm.  thick- 
ness which  gave  way  at  38,000  volts  was  of  the  special  quality 
mentioned  in  Mr.  Preece's  paper.  It  was  not ;  it  was  of  ordinary 
quality.  The  whole  of  the  experiments  brought  one  fact  out  very 
clearly,  and  that  was,  that  the  way  the  cables  are  manufactured 
has  more  to  do  with  the  resistance  against  sparking  through  than 
the  quality  of  the  rubber. 

My  attention  has  been  called  to  the  fact  that  an  equation  for 
determining  the  influence  of  Foucault  currents  was  brought  before 
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'the  Britfeli  Association  «ame  years  ago  by  Mr.  Swinburne.  I  was 
not  aware  of  this  when  I  wrote  the  paper;  bnt  I  think  som^Mxly 
elBe  will  show  that  this  formula  is  altogether  wrong,  so  that  it  is 
riot  very  important  who  has  first  brought  it  forward. 

Professor  PfeRRY:  The  paper  Mr.  Siemens  has  read  on  the 
heating  of  the  iron  of  the  transformer  is,  in  my  opinion,  one 
of  the  mt>st  valuable  we  have  had.  He  wants  to  know  the  heat 
lost  in  the  iron,  and  he  actually  measures  it  as  the  heat  lost  in 
the  iron  itself,  and  not  in  the  usual  other  places.  Now,  usually, 
the  information  that  is  not  given  us  by  the  readers  of  papers  on 
this  subject — the  information  which  is  left  out,  not  wilfully,  but 
through  ignorance  of  its  importance — ^is  often  far  more  important 
than  the  information  that  is  furnished,  and  hence  the  results  that 
have  been  obtained  are  in  most  cases  quite  misleading.  Sometimes, 
f6r  example,  an  experimenter  has  found  great  losses  in  a  trans- 
former, but  he  d6es  not  teii  us  that  the  primary  of  his  particular 
transformer  was  two  coils  in  parallel,  or  that  the  secondary  of  his 
thinsformer  was  two  coils  in  parallel.  In  all  probability  tke 
manufacturer  ha<r  taken  great  care  that  those  two  coils  are  equal 
in  resistance.  The  2  per  cent,  difference  in  the  number  of  turns 
in  the  two  coils,  innocently  neglected  by  tJbie  winding  boy,  would 
lead  to  loss  by  idle  currents  inside  the  transformer,  not  showing 
themselves  in  any  way  outside,  of  much  greater  amount  than 
what  is  due  to  hysleresis  and  eddy-currents  put  together.  Sosob 
readen  of  papers,  because  they  have  experimented  on  transformers 
with  cones  of  finely  divided  iron,  put  down  all  the  loss  obtaiafid 
by  them,  to  hysteresis — an  overburdened  word — and  take  no 
account,  for  example,  of  eddy-currents  in  the  eopper  conductor. 
Sometimes,  too,  the  number  of  ampere-turns  in  the  unloiided 
transformt^r — the  magneto-motive  force — is  taken  from  the 
primary  current.  Now  the  men  who  measure  their  magneto- 
motive  force  in  this  way  would  not  take  the  ampere-turns  firom 
the  primary  current  if  the  transformer  were  loaded,  because  that 
would  be  too  absurd;  and  yet  they  do  not  notice  that  every 
so-called  unloaded  transformer  or  choking  coil  is  really  a  loaded 
transformer,  because  there  are  always  eddy-currents,  and  the  eddy- 
ourrent  circuits  may  be  replaced  in  calculation  by  a  secondary 
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circQit  closed  on  itself.  Working  in  this  wrong  way,  some  experi«  piotoiMr 
menters  have  obtained  the  aGt.ual  shape  of  the  hysteresis  cyolie 
carve  of  magnetisation  of  the  iron,  ^d  they  do  not  see  that 
really  all  their  experimental  results  are  completely  accounted  tot 
by  assuming  constant  permeability  in  the  iron  with  a  little 
saturation,  and  eddy-oarrents,  with  no  hystereais  whatsoever.  The 
jHToblem  attacked  by  Mr.  Siemens  seem?  to  me  the  most  important 
one  in  transibrmers.  How  much  loss  Ib  there  in  the  iron  core 
ov^"  and  above  the  loss  due  to  eddy-cuirents  ?  When  you  have 
found  this  difference — call  it  hysteresis  if  you  please^ — all  the 
problems  in  a  transformer  with  many  coils — finding  the 
induction,  the  secondary  currents,  finding  the  secoudary  voltages, 
and  so  on — are  easily  solved,  on  the  assumption  that  the 
penneability  is  constant.  The  nnmerical  calculation  of  the  moifc 
com[Jex  case  is  quite  an  easy  thing :  many  coils  with  magnetic 
leakage,  choking  coils  beyond  the  actu^il  ooils  of  the  transformer, 
condensers  in  series  and  in  parallel,  and  arranged  with  choking 
ooils  in  all  sorts  of  ways,-^8uch  nnmerical  calculation  is  ^ite 
easy.  The  formulas  are  exceedingly  simple.  Now  I  have  taken 
very  di£Eerent  cases  indeed-^ exceedingly  different  cyclic  laws  of 
magnetisation.  [^Drmumg  <m  the  blackboard]  That  is  constant 
penneability.  This,  again,  is  constant  permeability  with  a  litde 
aatoration — ^no  loop  at  all.  Here  is  the  ordinary  well-know<B> 
hysieresis  loop,  obtained  from  the  slawly  performed  cyclieid 
magnetisation  of  Professor  Ewing  and  Dr.  Hopkinson.  I  have 
taken  these  more  complicated  cases  of  the  ordinary  great  loop 
Costooned  with  smaller  loops, — I  have  taken  the  most  complicated 
loop  that  is  possible  to  occur  in  the  magnetisation  of  iron, — ani 
in  all  cases  I  find  that,  to  fomr  significant  figures,  the  calculati<m 
of  everything  that  is  to  be  calculated  about  a  transformer 
practically  comes  to  the  same ;  it  might  be  a  little  different  in 
the  end  figure,  perhaps,  but  practically  yon  get  the  same  answer 
as  when  you  have  constant  permeability,  with  one  exception,  and 
that  is  in  the  calculation  of  the  primary  current  when  there  is  aie 
load,  or  naarlv  no  load,  on  the  transformer. 

But  the  point  before  us  now^^and  a  most  important  point  it 
really  i»**48,  what  lis  the  primary  current  when  there  is  no  load  .^a 
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the  transformer  or  choking  coil? — ^what  is  the  loss  in  the  iron? 
And  to  answer  this  we  require  experiments  such  as  Mr.  Siemens 
has  made.  Every  other  experimenter's  results  which  I  have  seen 
can  be  explained  without  suggesting  hysteresis.  With  regard  to 
his  method  of  measuring,  the  value  of  Mr.  Siemens*s  results,  and 
of  the  whole  thing,  depends  on  the  accuracy  of  his  measurements* 
He  makes  his  measurements  by  the  rise  of  temperature  in  his 
iron  test  wire.  Of  course  the  accuracy  of  this  measurement  of 
temperature  depends  upon  many  considerations.  In  this  measure- 
ment by  rise  of  temperature  the  time  must  be  short,  the  specific 
heat  of  his  iron  must  be  accurately  known,  the  measurement  of 
temperature  by  the  resistance  method  must  niot  only  be  very 
accurate  as  to  amount,  but  must  be  known  immediately.  His 
correction  for  cooling  is,  I  think,  wrong,  and  I  hope  that  his 
correction  was  a  small  one,  for  the  way  in  which  the  temperature 
rises  in  a  mass  of  iron  like  that  is  a  very  complicated  afiair  indeed. 
But  if  the  outside  test  wire  gave  practically  the  same  results  as 
his  inside  test  wire — and  I  understand  that  this  was  the  case — 
then  practically  no  corrections  need  be  made.  I  have  not  had 
very  much  time,  I  am  sorry  to  say,  to  consider  the  paper;  and 
even  if  it  had  contained  all  the  details  which  I  think  that  such  a 
scientific  paper  ought  to  contain,  I  should  hardly  have  been  able 
to  criticise  them.  What  I  want  really  to  urge  upon  Mr.  Siemens 
is  that  he  should  add  to  the  paper  all  the  details ;  the  result  is  of 
such  great  importance  that,  in  my  opinion,  he  is  called  upon  to 
add  to  that  paper  all  the  details  that  are  necessary  to  allow  us  to 
criticise  carefully.  We  will  assume,  of  course,  that  Mr.  Siemens 
has  satisfied  himself  of  the  accuracy  of  all  his  measurements ; 
but  we,  the  readers  of  the  paper,  must  also  be  satisfied.  Passing 
over  the  diflSculties  that  I  have  spoken  of,  if  we  consider,  for 
example,  the  temperatures  he  measured,  we  shall  see  how  delicate 
his  measurements  were.  It  is  in  the  low  powers — the  small 
number  of  watts  per  cwt.  of  iron — that  I  am  most  interested, 
because  it  is  only  there  that  I  feel  a  difficulty  in  accounting  for 
the  loss  by  eddy-currents  merely.  Let  us  take,  for  example,  25 
watts  i>er  cwt.  In  his  1-mm.  wire,  by  means  of  a  very  long 
calculation  I  find  that  this  means  one  degree  rise  of  temperatur 
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in  a  thousand  seconds.    The  resistanqe  of  that  wire,  I  take  it,  was  profuMr 

Perry. 

0-37  ohm,  so  that  the  change  of  resistance  in  a  thousand  seconds 
was  .  0*002  ohm.  Now  I  do  not  like,  without  being  able  to 
criticise  this  pax)er  more  fully,  to  base  very  general  conclusioos 
on  the  results  of  such  delicate  measurements  as  this  in  a  wire 
which  is  being  curiously  heated.  A  thermo-electric  EJVf.F.  of 
very  small  amount,  with  such  small  test  currents  as  Mr.  Siemens 
was  using,  might  easily  produce  apparent  change  of  resistance, 
and  therefore  apparent  loss,  of  &r  greater  amounts  than  what  have 
been  observed.  For  example,  I  should  like  to  know,  in  the  addi- 
tion to  the  paper,  if  Mr.  Siemens  reversed  his  currents  in  making 
his  tests  of  resistance. 

Mr.  Siemens  calculated  the  eddy-current  loss  and  subtraqted 
that  from  the  total  loss,  and  puts  down  the  remaining  loss  to 
hysteresis.  By  his  method  there  is  no  trouble  with  eddy-currents 
elsewhere  than  in  the  iron.  The  current-heat  generated  in  the  con- 
ductors causes  no  trouble,  and  there  is  no  trouble  with  inac- 
curacy in  the  use  of  power  meters.  His  calculation  of  eddy- 
currents,  if  his  mere  constants  are  correct,  seems  to  me  right. 
It  is  a  method  I  have  been  using,  and  I  put  the  results  in  a 
tjlightly  diflFerent  way.  If  the  induction  follows  the  law,  B  = 
a  sin  i<  +  6sinrfci  +  iSkc.,  the  average  power  in  watts  wasted 
in  eddy-currents  per  cubic  centimetre  of  iron,  taking  the  specific 
resistance  of  iron  as  10*,  is  P  ==  6*25  x  10'"  **  E^  (a*  +  6*  i-*  -f 
&c.),  if  R  is  the  radius  in  centimetres  of  the  iron  wire  used. 
But,  of  course,  in  applying  a  formula  of  this  kind,  we  have  to 
remember  that  the  induction  per  square  centimetre  is  not 
constant  everywhere.  I  do  not  mean  merely  at  the  ends  in  this 
cable  transformer.  Of  course  there  is  a  little  cross  magnet- 
isation there;  but  in  the  middle  section,  in  any  kind  of 
transformer  indeed,  there  is  more  induction  near  the  skin 
of  the  mass  and  the  skin  of  each  wire.  Of  course,  if  there 
is  any  want  of  uniformity  in  the  induction,  one  gets  a 
greater  answer  for  eddy-currents  than  this  formula  or  that  of 
Mr.  Siemens  will  give.  Again,  in  a  loaded  transformer,  besides 
the  ordinary  10  per  cent,  drop  in  eddy-current  loss  from  what 
there  is  at  no  load,  one  always  expects  that  there  must  be  some- 
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thing  like  50  per  cent,  less  aa  account  of  change  of  temperatore, 
and  consequent  change  of  resistance.  I  will  assume,  again,  that 
Mr.  Siemens  has  taken  account  in  his  calculation  of  the  ehange 
of  temperature  in  calculating  the  eddyn^urrent  lo^s.  Again,  it 
is  to  he  remembered  that  the  law  of  voltage  is  not  a  tiue  aiiM 
law,  and  the  law  of  current  is  very  different  indeed.  There  is  a 
frequency  in  the  voltage  of  the  machine  due  to  the  number  of 
turns  the  ^mature  makes  in  a  second,  as  well  as  the  usual 
frequency.  Thus  the  expression,  V  =  2,828  sin  600  ^,  is  usually 
taken  as  expressing  the  law  when  the  frequency  is  about  95 
and  the  effective  voltage  is  2,000.  But  the  law  may  really  be 
V  =  100  sin  20  t  +  2,823  sin  600  t  +  200  ain  1,800  t,  and  the 
effective  voltage  would  be  exactly  the  same.  But  the  inductions 
in  the  two  cases  are  I  «  4*711  sin  600  t,  and  I  a^  5  sin  20  ^  -h 
4*705  sin  600  t  +  0*111  sin  1,800  t.  Now  I  do  not  say  that  the 
eddy-current  loss  in  the  two  cases  will  differ,  but  our  consideni^ 
tion  of  the  whole  problem  of  hysteresis  is  greatly  affected  by  this 
magnification  in  the  induction  of  a  seemingly  unimportant  term 
in  the  voltage.  Put  briefly,  what  I  mean  is  this:  When  an 
experimenter  tells  us  that  he  keeps  his  volts  constant,  of  course 
he  means  that  he  keeps  his  effective  volts  constant ;  and  I  have 
given  a  case  likely  to  occur  in  practice,  in  which  a  term  which 
was  only  of  the  importance  of  about  l-800th  of  the  important 
term  in  the  effective  voltage  becomes  more  important  than  the 
usual  important  term  in  the  induction,  its  imjiortanee  being 
magnified  more  than  800  times.  Different  methods  of  keeping 
the  effective  volts  constant  will  have  very  different  effects, 
depending  upon  the  different  self-inductions  of  machines,  and 
hence  it  is  nearly  impossible  for  an  outsider  to  criticise  the 
results  brought  before  him,  or  to  co-ordinate  one  experimenter's 
results  with  another's.  In  fact,  the  machinery  set  somehow  in 
motion  by  a  current  in  an  unloaded  transformer  is  very  compli- 
cated. Let  the  dynamo  have  a  simple  harmonic  law  of  E.M,F., 
it  can  be  shown  that  even  when  no  hysteresis  is  assumed  the 
current  will  possess  large  higher  harmonics,  and  of  course  the 
induction  must  possess  higher  harmonics.  The  manufiieture  of 
these  ripples  by  the  iron,  the  energy  wasted  in  manufacturing 
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them,  mav  be  eaUed  hysteresis  if  (Hie  pleases,  but  it  is  not  the  Profe&K>r 

"  Perry. 

hysteresis  of  slow  cycles— it  is  quite  a  diflferent  thing— and  will 
be  of  *t  very  different  kind  if  the  dynamo  does  not  follow  a 
sinvple  harmonic  law  of  E.M.F.,  and  it  will  greatly  depend  upon 
the  self-induction  of  the  dynamo. 

Dr.  J.  A.  Fleming  :  I  will  not  spend  any  part  of  my  allotted  ^„,i„., 
time 'in  complimenting  Mr.  Siemens  on  his  paper,  but  we  must 
all  be  agreed  that  he  has  brought  before  us  a  practical  subject, 
treated  in  a  very  practical  manner. 

My  first  remark  refers  to  a  slight  slip  in  the  method  of 
oalcttlating  the  eddy-current  loss  in  round  wires.  If  p  is  the 
imdia«  of  an  elementary  cylinder  taken  in  the  unit  length  of  the 
round  wire  of  radius  r,  and  if  b  is  the  induction  parallel  to  the 
axis  of  the  cylinder,  then  the  etectro-motive  force  acting  round 

this  circuit  i&  e  =^  tt  p^  -.-r ;  if  6  =  B  sin  j9  i,  as  usual — B  being 

Cb  Z 

tbe  maximum  value  of  the  induction — then  c  =  tt  p*  B  jd  cos  y  ^. 

The   resistance,  R,   of  the  elementary   cylinder  is   R  =   — ^-^, 

where  c  is  the  conductivity  of  the  ir<m ;  and  hence  the  power 
lofct  in  the  elementary  cylinder  is,  in  watts,  equal  to 

8  w  =-^  =  2  TT*  c  W  n*  p^S  p  cos pt  lO-^*. 

Hence  we  have,  on  integrating  from  p  =  0  to  p  =  r,  and  taking 
the  average  value  of  cos^  p  tj  the  expression, 

4 
The  loss  in  watts  per  cnbic  centimetre  is  therefore  equal  to 

Y  =  ^  cPB'n'lO''% 
It) 

where  d  is  the  diameter  of  the  wire  in  centimetres. 

When  this  last  (and,  as  I  believe,  correct)  expression  is  used 
far  the  calculation  of  the  eddy-current  loss  in  round  wires  of 
1  millimetre  in  diameter,  and  for  a  frequency  of  100,  Mr. 
Siemens's  numbers  are  found  to  be  too  small  by  about  1 5  per  cent. 

It  has  been  pointed  out  lately  by  Mr.  Steinmetz  that  the 
hyrteresis  loss  in  iron  is  expressible  by  a  law  of  the  following 
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kind :  H  =  17  91  B*"*  10*',  where  H  is  the  loss  in  watts  per  cubic 
centimetre  for  a  frequency  n  and  a  maximum  induction  B,  and 
17  is  a  constant  varying  from  0*002  to  0*004. 

The  loss  in  a  Siemens  cable  transformer,  as  given  by  Mr. 
Siemens's  results,  is,  however,  more  nearly  given  by  the  rule, 

diiB  Y  0*625  n  B 
X  lOV  "^  107  ' 
where  T  is  the  total  loss  in  watts  per  cubic  centimetre,  d  is  the 
diameter  of  the  wires,  B  the  maximum  induction  during  the 
phase.  The  first  term  is  the  eddy-current  loss,  and  the  last  the 
hysteresis  loss.  We  must  bear  in  mind  that,  owing  to  the  great 
decrease  in  the  conductivity  of  iron  with  rise  of  temperature,  a 
transformer  core  will  waste  less  energy  when  hot  than  when  cold. 
If  the  eddy-current  loss  forms  a  large  fraction  of  the  total  loss, 
this  change  will  make  a  marked  impression  upon  the  total  loss. 

These  experiments  of  Mr.  Siemens  seem  to  show  that  the 
hysteresis  loss  increases  with  the  frequency.  There  is  room  for 
more  investigation  on  this  point,  and  particularly  in  respect  of 
that  question  on  which  authorities  are  still  divided,  viz.,  whether 
the  total  iron  losses  do  or  do  not  decrease  as  the  secondary  load 
increases. 

Knowing,  however,  the  very  great  difficulty  of  calorimeter 
experiments,  I  join  Professor  Perry  in  the  wish  that  we  had  had  in 
the  paper  more  details  of  the  exact  measurements  of  the  quantities, 
for  in  determining  very  small  rates  or  losses  of  heat  exceedingly 
small  errors  sometimes  have  a  great  effect  upon  the  final  result. 

Mr.  S.  EvERSHED :  I  must  echo  the  wish  that  we  had  the  actual 
observations  taken  during  the  tests,  or  at  least  a  sufficient  number 
of  them  to  judge  of  the  accuracy  of  the  results.  Mr.  Siemens  has 
told  us  in  a  paragraph  of  his  paper  that  it  is  his  intention  to  add 
to  our  store  of  useful  knowledge.  On  the  whole,  he  has  certainly 
done  so.  As  already  pointed  out  by  Dr.  Fleming,  Mr.  Siemens 
has  fallen  into  the  error  of  calculating  the  eddy-current  loss  from 
the  Tnean  rate  of  change  of  induction  in  the  iron  core.  But  I 
doubt  if  Dr.  Fleming's  explanation  was  very  clear.  If  he  had 
pointed  to  the  formulae  in  Mr.  Siemens's  paper  where  we  have  the 
element  of  the  power  spent  is  equal  to  the  square  of  an  E.M.F. 
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divided  by  a  resistance — ^as,  of  course,  all  power  is — ^and  told  us  that  Mr. 
if  we  are  to  get  the  result  in  vxitta  we  must  have  the  E,M.F.  in 
effective  volts  and  the  resistance  in  ohms,  he  need  not  have  said 
more,  and  we  should  not  have  had  occasion  for  all  those  bewildering 
sines  and  integrals  on  the  blackboard.  I  think  the  best  thing  to 
do  in  discussing  this  subject  is  to  supplement  the  paper  with  &cts, 
and  some  of  that  useful  information  the  absence  of  which  Professor 
Perry  deplored,  but  did  not  attempt  to  supply.  Mr.  Vignoles  and 
I  have  been  engaged  for  the  last  two  years  in  investigating  the 
subject  of  hysteresis  in  iron,  with  a  special  view  of  the  wants  of 
commercial  men  in  designing  transformers,  and  for  that  reason 
we  have  kept  in  sight  all  along  what  the  actual  losses  were  in  real 
transformers.  What  we  wanted  to  aim  at  was  to  get  at  the  loss — 
not,  perhaps,  within  1  per  cent.,  but  suj£ciently  near  to  enable 
people  to  calculate  losses  beforehand.  There  is  one  thing,  already 
referred  to,  in  Mr.  Siemens's  paper— I  rather  suspect  it  may  be 
another  error — I  wanted  to  ask  whether  he  measured  the  specific 
resistance  in  the  iron  in  his  transformers. 

Mr.  Siemens  :  Yes,  it  was  measured. 

Mr.  EvERSHED :  It  is  given  as  9*8  at  0^  C,  and  that  is  only  true 
for  pure  iron.  As  a  matter  of  fact,  transformers  are  built  of 
commercial  iron,  and  not  usually  run  at  0^  G. — not  in  England,  at 
any  rate.  It  is  very  easy  to  correct  the  figures  Mr.  Siemens 
gives  by  taking  the  iron  at  a  more  ordinary  specific  resistance 
— say  from  11  to  15  microhms  per  cubic  centimetre.  Mr. 
Siemens  may  be  perfectly  happy  with  regard  to  the  error  of 
21  per  cent,  in  his  table  due  to  his  having  taken  the  mean 
E.M.F.,  for  in  all]  probability  the  error  in  the  value  of  p  entirely 
cancels  the  fijrst  mistake,  leaving  the  figures  in  the  table  sub- 
stantially correct  for  the  particular  sample  of  iron  used.  I 
am  glad  to  see  that  engineers  have  at  last  adopted  Mr.  Swinburne's 
method  of  calculating  eddy-currents.  Mr.  Swinburne  told  us 
years  ago  that  it  was  easy  enough  to  calculate  eddy-currents, 
and  was  laughed  at;  but  we  have  come  round  to  his  method 
at  last,  and  Mr.  Siemens  uses  the  formula  given  originally  by 
Mr.  Swinburne.  Mr.  Siemens's  method  of  experimenting  ik 
somewhat  similar  to  that  adopted  by  Mr.  Vignoles  and  myself;  but 
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Mr.  instead  of  measuring  the  temperature,  as  he  does,  by  means  of 

the  change  of  resistance  of  iron  wire,  which  it  seemed  clear  to  us 
was  an-  imsafe  and  needlessly  complex  method,  we  used  a  clinical 
thermometer  buried  in  the  iron  core.  A  good  clinical  thermometer 
is  one  of  the  most  delicate  and  accurate  measuring  instruments 
we  have,  and  can  be  read  easily  to  0*05^  C.  Ten  or  twelve  readings 
of  the  thermometer  taken  during  the  heating  give  us  a  veiy 
accurate  value  for  the  total  power  wasted  in  the  core,  Rnd 
calculation  enables  us  to  deduct  the  eddy-current  loss,  and  in  that 
way  we  get  a  very  close  approximation  of  the  actual  toss  dne 
to  hysteresis  alone.  Mr.  Siemens  does  not  apparently  make  any 
allowance  for  the  heating  of  a  cable  transformer  by  means  of  its 
own  exciting  current.  This  source  of  error  is  easily  eliminated 
by  maintaining  a  direct  current,  equal  to  the  exciting  current^ 
during  the  time  the  cooling  curve  observations  are  being  made. 

Mr.  Swinburne  and  Mr.  Siemens  give  a  formula  by  which  eddy- 
current  s  in  round  iron  wires  may  be  calculated ;  perhaps  it  may  be 
useful  if  I  give  here  a  formula  by  which  they  can  be  calculated  in 
thin  iron  plates.  The  loss  in  1  cubic  centimetre  of  thin  iron  plates^ 
say  up  to  40  mils  thick,  is  equal  to  the  square  of  the  rate  of  change 
of  induction-density  into  the  square  of  the  thickness  of  each 
lamina,  divided  by  16  times  the  specific  resistance  of  the  irfm, 

or,  in  symbols:  loss  in  watts  =  — -^ per   cubic    centimetre 

— ^a  very  simple  formula.     The  only  thing  you  do  not  know 

accurately  in  this  formula  is  the  E.M.F,,  viz.,  -rr  — that  is  to  say, 

the  mte  of  change  of  induction  of  the  iron.  In  a  very  thin  lamina 
B  may  be  uniform  throughout  the  section.    I  leave  the  form 

taken  by  -jj  a  blank,  in  order  that  anybody  working  it  out  may 

take  it  as  a  sine  curve,  or  a  zig-zag,  or  any  other  form  they 

please.     If  the  induction  changes  according  to  a  sine  law,  we  have 

dB        4*4  (maximum  B)  x  (frequency).      «  ^.        ,, 

jr  =  r^rl ^  m  eyic^^vc  volts  per  square 

centimetre  of  iron. 
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Mr.  SwinBOKKE :  I  have  cot  so  moch  to  say  apon  Mr.  Siemens's  mi*. 
paper  as  od  the  discussion.  Beginning  with  Professor  Perry : 
I  think  Professor  Perry  is  very  much  to  be  congratulated.  He  has 
shown  that  the  escalation  of  transformers  is  quite  simple,  and 
does  not  really  depend  on  the  magnetisation  cur\'e  of  the  iron. 
We  ]>ractical  people  have  been  trying  to  get  that  into  the 
academical  mind  for  years  and  years.  Professor  Perry  then 
proceeded  to  integrate  a  series  incorrectly.*  Referring  to 
Mr.  Siemens's  paper,  I  think  that  method  of  finding  the  power 
from  the  rise  of  temperature  very  inaccurate.  As  Mr.  Evershed 
says,  I  was  laughed  at  when  I  said  it  was  quite  easy  to  calculate 
eddy-currents.  No  doubt  I  shall  be  laughed  at  now  when  I  say 
alternating  jjower  can  be  measured  with  a  wattmeter.  But  it  is 
perfectly  accurate ;  it  is  infinitely  more  accurate  than  these  round- 
about ways.  Professor  Fleming  referred  to  the  eddy-currents  being 
reduced  by  rise  of  temperature.  I  think  we  ought  to  mention 
that  that  has  been  pointed  out,  I  think,  but  am  not  quite  sure,  by 
Mr.  Joyce  or  Mr.  Cuthbert  Hall  in  the  Electrical  Review  some 
time  ago.  But,  at  any  rate,  in  any'decently  designed  transformer 
eddy-currents  are  so  small  that  they  ca&ndt  possibly  produce  t&e 
result  frequently  attributed  to  them.  The  only  experiments 
showing  decrease  of  iron  loss  with  increased  load  are  Mr.  Mordey's 
and  Professor  Ayrton's.  I  think  Professor  Ayrton  has  now 
admitted  that  Blakesley's  method  of  testing  transformers  is  not 
accurate,  and  that  that  would  account  for  his  errors  in  making 
the  eflSciency  come  out  too  high  at  full  load.  Mr.  Mordey's  tests 
therefore  stand  alone,  and  their  accuracy  has  been  repeatedly 
questioned.  As  to  the  measurement  of  hysteresis  under  practical 
circumstances,  and  not  with  a  ballistic  galvanometer,  I  may  point 
to  another  British  Association  paper  of  mine  in  which  I  measured 
a  number  of  samples  of  iron  with  a  wattmeter,  so  that  I  got  it 
nnder  a  frequency  of  100,  and  found  the  result  agree  very  nearly 
with  Ewing's.  It  varied  about  5  per  cent.,  but  of  course  I  had 
not  the  same  qualities  of  iron. 


•  Nnte  addea  later. — Professor  Perry's  integtation  was  quite  correct;  I  have 
tberefore  cat  oat  the  proof  of  its  inaccoiacj. 
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S?8Ment.  ^®  President  :  I  think  perhaps  we  had  better  adjourn  the 

discussion,  as  two  or  three  gentlemen  wish  to  speak,  and  Mr. 
Siemens  will  have  to  reply.  It  will  be  necessary  to  conclude  the 
dicsussion  in  time,  however,  to  allow  Professor  Hughes  to  read  a 
paper  he  has  promised  on  "  Oil  as  an  insulator,"  because  I  under- 
stand he  wishes  to  arrange  some  experiments.  The  discussion  is 
now  adjourned  to  March  the  10th. 

The  foUovdng  new  candidates  were  declared  elected : — 

AasocicUes: 


James  0.  Callender. 
Henry  Clavell  Crews. 
James  Edmund  Edgcome. 


Albert  Griffiths. 
W.  J.  Payton. 


Students: 


Harold  William  Clayden. 
Harold  Sparke  Distin. 
William  Finlay,  jun. 

The  meeting  then  adjourned. 


Albert  Charles  Ford. 
John  PuUen  Phibbs. 
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Vol.  XXL  1892.  No.  98. 

The  Two  Hundred  and  Thirty-third  Ordinary  General  Meeting 
of  the  Institution  was  held  at  the  Institution  of  Civil 
Engineers,  25,  Great  George  Street,  Westminster,  on  Thurs- 
day evening,  March  10th,  1892 — Mr.  Alexander  Siemens, 
Vice-President,  in  the  Chair. 

The  minutes  of  the  Ordinary  General  Meeting  held  on 
February  25th,  1892,  were  read  and  approved. 

The  CHAiRifAN:  I  think,  gentlemen,  as  a  sort  of  irregular 
proceeding,  we  may  congratulate  our  Secretary  on  his  having 
sufficiently  recovered  from  his  recent  illness  to  be  able  to  be 
among  us  again. 

The  names  of  new  candidates  for  election  into  the  Institution 
were  announced  and  ordered  to  be  suspended. 

The  following  transfers  were  announced  as  having  been 
approved  by  the  Council : — 

From  the  class  of  Associates  to  that  of  Members — 
Alfred  Inigo  Baron.  |  A.  M.  Taylor. 

From  the  class  of  Students  to  that  of  Associates — 
Gustavus  Frederick  Moller. 

Mr.  Hall  and  Sir.  Estler  were  appointed  scrutineers  of  the 
ballot  for  new  members. 
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The  Chairman:  As  some  special  arrangements  have  been 
kindly  made  by  Mr.  Wimshurst  for  experiments  in  illustration 
of  Professor  Hughes's  paper,  we  will  take  that  first.  I  therefore 
call  upon  Professor  Hughes* 

The  following  paper  was  then  read : — 

OIL   AS   AN    INSULATOR. 
By  Professor  D.  E.  Hughes,  F.R.S.,  Past-President. 

At  our  last  meeting,  Mr.  Preece  kindly  gave  me  credit  for 
being  the  first  to  propose  the  use  of  oil  as  an  insulator  for 
wires  conveying  an  electric  current;  and  in  accordance  with  a 
suggestion  on  his  part,  I  should  like  to  state  upon  what  grounds 
I  can  fairly  be  considered  to  be  the  first  to  urge  upon  the  electrical 
world  the  use  of  hydrocarbon  oils,  such  as  petroleum  and  rosin 
oil,  for  this  purpose. 

In  1858  universal  regret  was  felt  on  the  failure  of  the  in- 
sulation of  the  first  Atlantic  Cable.  From  the  first  successful 
laying  of  this  cable  the  insulation  gradually  became  worse, 
until  in  a  few  days  all  signals  failed.  The  cause  of  this 
was  supposed  to  be  due  to  minute  flaws  in  the  gutta-percha 
during  its  manufacture,  which  became  worse  by  submersion,  or 
that  lightning,  or  the  intense  currents  then  used  for  the  White- 
house  induction  coil,  punctured  the  cable  at  several  points. 

It  appeared  to  me  (from  some  old  experiments  of  mine)  that 
what  we  needed  was  some  form  of  insulation  that  possessed 
self-restoring  powers,  so  that,  if  punctured  by  lightning,  or  our 
ordinary  working  currents,  the  puncture  should  be  closed  by 
some  simpler  process  than  having  to  take  up  a  portion  of  the 
cable. 

I  thought  that  Nature  showed  us  the  way  in  which  she 
restores  punctures  and  mechanical  injuries  to  all  living  objects. 
This  is  done  by  a  flow  of  liquid  sap  to  plants,  or  blood  in 
animals ;  for  if  we  make  an  incision  in  the  bark  of  a  tree,  the 
sap  flows  out  and  hardens  in  contact  with  air ;  if  we  cut  our 
fingers,  blood  flows  out  and  heals  the  wound.    Therefore  I  thought 
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that  if  I  could  enclose  in  a  cable  an  insulating  self-restoring 
medium,  the  cable  would  not  become  dead  at  the  first,  or  even 
after  innumerable  punctures.  To  carry  out  this  object  it 
seemed  to  me  that  a  thick  insulating  oil,  enclosed  between  the 
wire  and  its  outer  skin,  would  perfectly  fulfil  the  conditions 
required. 

Faraday  had  shown  some  years  previously  that  oil  of  tur- 
pentine had  a  high  insulating  property,  and  this  gave  me  great 
hopes  that  I  should  find,  by  experimenting  with  numerous 
samples  of  oil,  the  kind  and  quality  desired  for  my  purpose. 
Therefore  I  at  once  commenced  a  long  series  of  experiments  in 
order  to  find  the  best  kind  of  oil  and  the  most  suitable  form  of 
cable  to  carry  out  this  idea. 

Knowing  that  I  could  not  fairly  test  these  oils,  or  a  short 
length  of  cable,  by  our  ordinary  voltaic  currents,  I  had  recourse 
to  the  very  high  potential  currents  given  by  the  ordinary  Mo- 
tional static  electric  machine.  The  method  used  was  this :  I 
charged  a  battery  of  Leyden  jars  to  a  known  degree,  which  was 
indicated  upon  the  Leyden  jars  by  a  Peltier  electrometer; 
these  jars,  when  charged,  were  put  in  communication  with  the 
short  piece  of  the  cable  to  be  tested,  the  outside  of  which  was 
coated  with  tinfoil,  or  placed  in  water  connected  with  earth,  and 
exterior  of  the  Leyden  jars.  By  this  means,  if  the  insulation 
of  the  few  inches  of  cable  was  bad,  the  Leyden  jars  would 
instantly  be  discharged  through  the  defective  insulation ;  but  if 
the  insulation  was  comparatively  perfect,  the  time  of  discharge 
of  the  electrometer  was  a  correct  measure  of  its  insulating  pror 
perties.  Of  course  this  method  required  that  the  Leyden  jars 
should  be  perfectly  insulated  and  hold  their  full  charge  for  at 
least  one  hour  when  not  discharging  through  a  defective  cable. 

On  making  preliminary  experiments  on  several  samples  of 
gutta-percha  and  india-rubber  coated  wires,  I  found  a  marked 
difference  in  each  variety ;  but  as  these  differences  were  of  a 
constant  character  for  each  sample,  it  was  easy  to  tell  which  of 
these  had  the  highest  insulating  property. 

These  experiments  showed  me  that  if  I  wished  to  arrive  at 
th^  true  value  of  an  insulating  oil,  I  must  make  the  experiments 
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by  a  method  by  which  the  result  should  be  entirely  free  from 
any  interior  or  exterior  coating.  For  this  I  took  two  small  flat 
circular  discs,  1  inch  in  diameter,  which  could  be  immersed  in 
oil,  and  by  an  insulated  adjustable  screw  I  could  compare  the 
striking  distance  of  these  discs  in  air,  compared  with  the  same 
when  inmiersed  in  oil,  and  could  also  observe  the  time  required 
for  a  complete  discharge  of  the  Leyden  jars  through  this 
medium. 

On  testing  numerous  samples  of  different  oils,  I  found  not 
only  a  great  difference  in  the  species  of  oil,  but  also  a  great 
difference  in  different  samples  of  the  same  oil ;  consequently  a 
table  giving  the  results  on  different  oils  might  be  misleading, 
as  a  sample  of  superior  quality  of  a  certain  oil  (although  inferior 
in  many  other  samples)  might  give  higher  results  than  a  badly 
selected  sample  of  a  really  superior  oil. 

The  only  difficulty  as  regards  rosin  oil  is  one  of  manufiusture, 
or,  rather,  of  finding,  and  teaching  the  makers,  the  quality  of  oil 
best  suited  for  the  purpose ;  for  I  found,  on  obtaining  samples  of 
this  oil  from  different  makers,  that  a  great  difference  existed  as 
regards  their  insulating  properties,  ranging  from  worse  than 
castor  oil  up  to  a  degree  superior  to  gutta-percha;  and  this  i» 
true  of  most  oils ;  consequently,  before  using  any  oil,  its  quality 
as  an  insulator  should  be  thoroughly  known  by  constant 
electrical  tests. 

In  selecting  oil  of  high  insulating  quality,  we  must  also  have 
regard  to  the  purpose  for  which  it  is  to  be  used.  Thus,  as  a 
self-restoring  medium  having  very  quick  action,  for  condensers, 
transformers,  or  coils  so  closely  wound  as  to  be  difficult  for  a 
thick  oil  to  penetrate,  a  thin  rosin  oil,  such  as  rosin  spirit, 
might  be  best;  but  for  cables  and  underground  wires  I  found 
thick  pure  rosin  oil  best,  because  it  was  not  only  superior  as 
an  insulator,  but  it  would  not  escape  too  rapidly  at  any  large 
puncture. 

Experiments  were  also  carried  on  at  the  same  time  to  observe 
the  effect  of  any  given  oil  on  thin  sheets  of  gutta-perpha,  india- 
rubber,  &c.  These  were  immersed  in  separate  vases  of  different 
oils :  they  were  weighed  before  and  after  prolonged  immersion ; 
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the  result  being  that  some  oils  were  found  to  be  injurious  to 
gutta-percha,  and  almost  all,  with  the  exception  of  castor  oil,  were 
more  or  less  destructive  to  india-rubber. 

I  found,  after  numerous  experiments,  that  pure  rosin  oil  gave 
the  highest  insulation  of  all,  for  a  spark  that  would  pierce  a  given 
thickness  of  gutta-percha  would  utterly  &il  to  pierce  the  same 
thickness  of  rosin  oil ;  whilst,  if  the  gutta-percha  was  pierced,  its 
insulation  was  destroyed  and  could  not  be  easily  restored  to  its 
former  condition;  on  the  other  hand,  if  by  accident  the  rosin 
oil  was  pierced,  it,  by  its  own  mobility,  at  once  restored  the 
insulation  to  its  original  state.  Eosin  oil,  at  the  same  time,  had 
a  preservative  effect  upon  gutta-percha,  for  the  sheets  im- 
mersed in  this  oil  had  become  slightly  increased  in  weight, 
showing  that  it  had  penetrated  into  the  pores  of  the  gutta- 
percha; at  the  same  time  it  was^stiffer  and  tougher  than  before 
immersion.  I  will  now  show  you  an  actual  specimen  of  this 
fluid  cable,  cut  off  firom  a  specimen  one  mile  in  length,  made  by 
the  Gutta-Percha  Company  33  years  since.  You  will  observe 
that  the  gutta^-percha  has  absorbed  during  that  time  a  large 
proportion  of  the  oil,  and  that  the  gutta-percha  is  now,  after  33 
years'  exposure  to  the  air,  apparently  as  good  an  insulator  as 
when  first  made. 

Experiments  were  now  made  as  to  the  value  of  rosin  oil  when 
employed  as  the  sole  insulator  of  an  electric  cable.  For  this 
purpose,  a  short  length  of  copper  wire  (say  1  foot)  was  coated, 
first,  by  being  wound  by  well-dried  cotton  or  hemp,  or,  better  still, 
by  a  string  wound  round  in  wide  open  spirals,  in  order  that  the 
oil  should  penetrate  as  fireely  everywhere  as  possible;  this  was  after- 
wards drawn  into  a  small  lead  tube  filled  with  rosin  oil :  thus  the 
string  or  fibrous  covering  on  the  wire  was  simply  to  keep  the  wire 
concentric,  so  as  to  prevent  its  touching  any  part  of  the  exterior 
tube  without  some  separation  of  oil  or  oil-saturated  fibre.  It 
will  be  seen  that  these  tests  were  identical,  both  as  to  form  and 
material,  in  their  essential  points,  with  those  patented  by  Mr. 
David  Brooks,  of  Philadelphia,  some  15  years  later;  but  as  these 
are  clearly  described  in  my  patent  of  January  11th,  1859,  there 
can  be  no  question  of  priority  in  this  respect,  though  no  doubt 
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many  improvements  suggested  by  practical  experience  in  the 
mode  of  laying  and  manufacture  are  original  with  Mr.  Brooks. 

The  insulation  of  this  form  of  cable  was  not  quite  as  high  as 
solid  guttarpercha,  due  to  the  fibre  not  being  as  good  an  insulator 
as  the  enclosed  oil,  but  its  mechanical  powers  of  self-restoration 
and  durability  seemed  to  me  to  more  than  counterbalance  its 
slightly  less  insulating  power,  for  even  with  gitta-percha  there 
are  questions  of  strength  and  durability  which  ought  never  to 
be  lost  sight  of  in  &vour  of  a  temporary  high  insulation ;  and  I 
think  that  when  the  value  of  fluid  insulation  is  more  thoroughly 
known,  especially  for  currents  of  high  potential,  it  will  be  more 
generally  used  than  at  present,  particularly  as  there  are  now  no 
valid  patent  rights  to  interfere. 

I  again  repeated  these  experiments,  using  a  thinly  covered 
gutta-percha  wire  for  the  inner  conductor,  drawn  into  a  gutta- 
percha tube  fall  of  rosin  oil :  this  gave  me  very  high  insulation — 
so  much  so,  that  I  tried  a  bare  copper  wire  in  the  gutta-percha 
tube  alone,  without  any  rosin  oil :  this,  to  my  surprise,  gave  a 
far  higher  insulation  than  the  best  gutta-percha-covered  wires  as 
supplied  to  me  by  the  Gutta-Percha  Company.  This  surprised 
me  very  much,  as  the  tubes,  which  I  bought  at  an  ordinary  retail 
shop,  were  known  to  be  of  an  inferior  quality  of  gutta-percha.  I 
found  afterwards  that  this  difference  was  due  to  the  tubes  having 
been  long  made,  and  kept  in  stock:  they  had  gradually  dried,  and 
were  bee  from  combined  moisture  absorbed  during  their  manu- 
facture. I  proved  this  by  taking  some  newly  manufactured  gutta- 
percha, and  heating  it  gradually  for  a  length  of  time  sufficient  to 
drive  off  its  moisture :  this,  when  modelled  on  a  wire,  so  as  to 
form  a  cable,  gave  precisely  the  same  degree  of  high  insulation  as 
the  old  tubes  that  I  had  purchased  elsewhere. 

I  do  not  believe  that  the  mechanical  quality  of  the  gutta- 
percha was  improved  by  this  operation ;  most  likely  it  would  have 
soon  become  brittle,  for  humidity,  or  an  essential  oil,  seems 
necessary  to  its  life  and  mechanical  qualities. 

I  told  Mr.  Chatterton  and  Mr.  Willoughby  Smith,  of  the 
Grutta-Percha  Company,  of  these  results,  and  urged  upon  them 
the  necessity  of  well  drying  the  gutta-percha,  and  of  manu&ctur- 
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ing  their  cables,  if  possible,  without  constactly  macerating  it  in 
^water.  I  am  not  aware  that  my  remarks  had  any  effect,  but  this 
I  remember — that  in  a  few  weeks  after,  they  gave  me  a  sample, 
which  they  called  ^^  special  gutta-percha,"  which  certainly  had  as 
good  insulating  qualities  as  my  dried  gattarpercha. 

As  I  have  already  said,  my  main  object  being  to  produce  a 
self-restoring  insulation  for  cables  and  underground  wires,  I 
found  that  a  thin  fluid,  such  as  rosin  spirit  or  petroleum, 
might  be  objectionable,  as  at  the  point  of  fracture  or  puncture 
the  fluid  might  escape  with  so  great  a  rapidity  as  to  be  somewhat 
eostly  in  its  maintenance;  but  by  employing  a  thick,  heavy, 
insulating  oil,  whose  rate  of  flow  would  be  small,  this  would 
displace  any  water  in  the  puncture,  provided  that  there  was 
slight  head  pressure  given  to  the  oil  at  a  reservoir  at  certain 
landing  stations :  then  it  would  answer  all  practicable  purposes. 
For  this  I  preferred  rosin  oil,  which  is  already  a  thick,  viscid 
oil,  and  can  be  made  more  so  by  the  addition  of  solid  rosin 
dissolved  in  it,  or  by  the  addition  of  palm  oil  residue,  which 
has  a  remarkable  property  of  thickening  rosin  oil. 

In  order  to  satisfy  those  who  might  object  to  even  a  very  small 
leakage  of  oil  at  the  puncture,  I  made  several  compounds  of  rosin 
oil,  mentioned  in  my  patent,  that  should  harden  when  in  contact 
with  water,  and  thus  prevent  any  waste  of  oil  at  the  fault  or 
puncture. 

The  static  charge  which  I  used  was  of  high  potential ;  Che 
sparking  distance  in  air,  of  the  charge  used,  was  about  1  inch, 
and  it  showed  the  remarkable  insulation  of  rosin  oil  when  l-64th  of 
an  inch  separation  would  effectually  prevent  such  a  spark  passing 
through  it.  After  having  found  this  high  insulating  property  of 
rosin  oil,  I  coated  all  my  Leyden  jars,  and  all  parts  where  I 
desired  high  insulation  with  it,  and  by  this  means  I  was  enabled 
to  retain  a  ftdl  charge  of  the  Leyden  jars  for  several  hours,  in  an 
atmosphere  full  of  humidity. 

They  have  lately  proved  the  value  of  oil  insulation  in  Frank- 
fort by  the  use  of  oil  in  transformers  of  20,000  volts,  and  I  am 
convinced  that  in  all  cases  where  we  need  a  high  insulation, 
together  with  the  power  of  self-restoration,  it  can  only  be  found 
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in  fluid  insulators.  It  is  useful  in  every  case  where  it  can  be 
applied ;  it  is  far  cheaper  than  gutta-percha,  and  I  have  no  doubt 
that  it  will  soon  be  used  for  insulation  in  condensers  as  well  as 
transformers.  Mr.  Nikola  Tesla,  in  his  late  charming  lecture, 
spoke  highly  of  the  use  of  oil  in  his  transformers,  saying  that  it 
not  only  gave  a  perfect  insulation,  but  had  the  power  of  restoring 
the  insulation  whenever  pierced  or  punctured,  as  he  believed  his 
coils  were  at  least  several  times  every  day. 

I  remarked  during  these  experiments  that,  no  matter  how 
high  the  potential,  the  amount  of  leakage  was  equal  in  time, 
either  with  a  high  or  low  charge  of  the  Leyden  jars ;  that  is  to 
say,  when  the  Leyden  jars  were  discharging  at  a  slow  rate 
through  a  good  insulator,  the  time  of  fedling  of  the  electrometer 
through  any  given  number  of  degrees  was  very  equal  through- 
out its  whole  range  from  200,000  to  1,000  volts. 

Being  desirous  of  repeating  this  evening  some  of  my  old 
experiments,  I  applied  to  Mr.  W.  H.  Preece  for  some  of  the  best 
samples  of  gutta-percha-covered  wires  as  used  by  the  Post  Office, 
and  which  he  has  most  willingly  sent  me.  I  also  applied  to  Mr. 
James  Wimshurst,  the  inventor  of  his  remarkable  static  electric 
machine,  who  at  once  most  kindly  consented  to  lend  the  machine, 
and  also  design  an  arrangement  by  means  of  which  we  could 
show  to  those  at  a  distance  the  different  dist£mces  of  the  sparking 
through  oil  compared  with  air. 

On  testing  this  apparatus  with  oil,  it  seemed  to  show  that  the 
value  of  oil  as  an  insulator  increased  both  with  the  potential  of 
the  charge  and  also  with  the  rapidity  of  alternations,  for  when 
the  experiments  were  made  by  an  impulsive  rush  so  as  to  have 
the  greatest  number  of  oscillations  per  second — ^say  1,000,000— 
then  even  the  poorest  oil,  such  as  castor  oil,  showed  marked 
superiority  over  air  or  gutta-percha.  This  confirms  the  advantage 
of  oil,  and  its  value  in  connection  with  the  rapid  alternating 
high-voltage  currents  used  in  our  transformers  of  to-day. 

The  experiments  which  we  hope  to  repeat  this  evening,  have 
already  shown  us  that  a  spark,  or  charge,  from  a  Leyden  jw  which 
would  easily  pierce  4  inches  of  air,  will  not  pierce  1-19  inch  of 
rosin  oil;  proving  that  oil,  when  resisting  an  impulsive  rush 
of  a  charge,  has  79  times  higher  insulation  than  air. 
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To  obtain  these  results  we  used  a  large  and  most  powerful 
Wimshurst  machine ;  but  this  eveniDg,  for  convenience  sake,  we 
shall  use  a  smaller  machine.  We  may  not  be  able  to  obtain 
quite  as  high  comparative  values,  still  we  hope  to  obtain  results 
showing  oil  to  be  50  times  better  an  insulator  than  air. 

With  the  largest  machine  we  obtained  the  following  remark- 
able effects.  The  apparat^us  for  holding  the  oil  was  a  glass  vase, 
4  inches  in  diameter  by  3  inches  deep.  The  lower  portion 
of  this  vase  had  a  copper  plate  connected  with  one  portion  of 
the  circuit*  A  brass  knob,  ^  inch  diameter,  connected  with  the 
other  portion  of  the  circuit,  could  be  raised  or  lowered  in  this 
vase  in  order  to  show  the  different  striking  distances  when  the 
vase  contained  air  or  oil.  This  gave  the  comparative  results 
already  mentioned;  but,  in  addition,  we  noticed  that  when 
the  knob  was  only  covered  three-quarters  with  oil,  the  spark 
rose  from  the  upper  portion  to  the  upper  portion  of  the  vase, 
and  then  descended  on  the  outside  in  order  to  reach  the  lower 
copper  plate — a  course  of  some  5  inches  through  air,  compared 
with  1-19  inch  through  oil.  If  now  the  current  was  increased, 
the  current,  or  spark,  became  a  continuous  sheet  flow  all  over  the 
entire  surSftce  of  the  vase,  resembling  in  appearance  a  waterfall, 
or  exactly  imitating  the  well-known  Gassiot  cascade.  On  again 
increasing  the  charge,  in  an  attempt  to  pierce  the  oil,  the 
spark  pierced  the  glass  vase,  making  a  small  hole  of  about 
1-32  inch  diameter,  at  a  place  ^  inch  above  the  surface  of  the 
oil :  thus  the  spark  preferred  to  pierce  the  glass  and  travel 
several  inches  through  air,  rather  than  traverse  a  distance  of 
1-19  inch  through  oil. 

I  will  now  show  several  forms  of  oil  insulation  as  applicable 
for  submarine  or  subterraneous  wires,  and  the  remarkable  power  of 
self-restoration  when  the  insulation  is  temporarily  destroyed  by  a 
puncture  or  cut  across  so  as  to  lay  the  wire  bare  for  an  instant. 

It  will  be  seen  in  the  experiments  following  this  paper  that  I 
have  arranged  a  battery  so  that  one  pole  is  connected  through  a 
sensitive  galvanometer  to  a  metal  tank  containing  salt  water,  the 
retium  circuit  being  completed  through  the  salt  water  and  wire 
to  be  tested  to  the  other  pole. 

Digitized  byVjOOQlC 


252  OIL  AS  AN  INSULATOR.  [March  10th, 

If  we  take  any  sample  of  guttsr-percha-covered  wire  and 
place  it  in  the  water,  the  insulation  seems  perfect  and  all  that 
could  be  desired;  but  if  we  make  a  small  incision  with  a 
knife,  so  as  to  leave  a  minute  portion  of  the  copper  exposed, 
then  (as  we  already  know),  on  placing  this  in  the  tank,  the  water 
at  once  percolates  through  the  cut  to  the  wire,  and  its  insulation 
is  completely  and  permanently  destroyed. 

If  we  try  this  same  experiment  with  oil  cable,  such  as  a  bare 
copper  wire  in  a  gutta-percha  tube  containing  oil,  or,  better  still 
as  a  proof,  a  thinly  coated  gutta-percha  wire,  and  this  plunged 
into  a  small  lead  tube  containing  thick  rosin  oil,  the  whole 
having  the  same  diameter  as  the  gutta-percha-covered  wires,  we 
find,  on  testing  this  lead-covered  oil  cable,  that  its  insulation  is 
as  perfect  as  the  gutta-percha  wires. 

If  we  now  cut  through  the  lead  tube  and  the  gutta-percha  wire 
'once  or  several  times  so  as  to  lay  the  wire  bare,  the  insulation  for 
an  instant  is  destroyed,  but  in  less  than  a  second  the  oil  per- 
colates through  the  wound  or  cut,  and  its  insuhition  is  instantly 
restored  to  its  previous  high  value. 

I  believe  that  these  experiments  sufficiently  show  the  merits 
of  a  self-restoring  insulating  medimn,  such  as  rosin  oil,  for  all 
purposes  where  a  permanent  insulation  of  wires  conveying  an 
electric  current  is  desirable. 

In  conclusion,  I  will  mention  a  few  proofs  of  my  claim  to 
be  the  first  to  recognise  the  value  of  oil  insulation  for  wires 
conveying  an  electric  current,  based  upon  some  earlier  experi- 
ments, but  patented  11th  January,  1859,  entitled,  '^An  Improved 
"Mode  of  Insulating  Electrical  Conducting  Wires,''  which 
describes  and  claims  most  of  that  which  I  have  already  related. 
I  will  read  a  few  sentences,  in  order  to  prove  this  facL 

After  showing  how  the  oil  may  be  applied  to  submarine 
cables,  and  in  order  to  claim  its  application  to  underground 
wires,  the  specification  says  (page  3,  line  10) :  "  With  some  trifling 
^<  modifications,  the  invention  may  be  also  applied  for  insulating 
'<  electrical  conducting  wires  employed  on  land  or  underground." 

As  regards  the  materials  used,  it  says  (page  4,  line  23) :  "  I 
"  propose  and  prefer  to  use  rosin  oil,  rendered  sufficiently  thick 
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^  or  viscid  for  the  purpose  by  the  addition  of  rosin  or  the  solid 
^  residaum  obtained  from  the  distillation  of  palm  oil.** 

In  order  to  show  that  the  interior  wire  may  be  covered  with 
a  fibrous  material  instead  of  gutta-percha,  it.  says  (page  4,  line 
34):  *^  Instead  of  bringing  the  soft  or  semi-fluid  restorative 
**  medium  in  direct  contact  with  the  enclosed  wires,  I  sometimes 
^'  first  coat  the  wires  with  a  non-conducting  material,  such  as 
^  gutta-percha  or  india-rubber,  and  if  preferred,  the  wire  may 
"  be  previously  covered  with  some  fibrous  material." 

My  invention  being  as  well  adapted  for  numerous  wires  iu  an 
underground  cable  as  in  a  single-wire  cable,  it  says  (page  5,  line 
6):  ^And  the  invention  is  as  applicable  when  two  or  more 
'^  electrical  conductors  are  placed  in  one  common  tube  or  outer 
**  covering  as  when  only  one  conductor  is  employed." 

If  t]jie  patent  is  hurriedly  read,  it  would  seem  as  if  I  only 
intended  to  use  the  oil  in  connection  with  gutta-percha  cables ; 
but  I  foresaw  the  use  of  other  outer  covering,  such  as  lead  or  iron 
tubes,  for  it  says  (page  4,  line  37) :  "  The  insulated  electrical  con- 
"  ductor  thus  coated  or  covered  is  then  placed  in  a  gutta-percha 
**  or  other  tube.**  This  phrase  "  other  tube  "  referred  to  my  ex- 
periments with  an  outer  tube  of  lead  or  other  metal ;  and  I  again 
employ  the  same  phrase  at  page  5,  line  13,  where  it  says  that  the 
wires  surrounded  by  the  rosin  oil  '^  may  be  placed  in  the  gutta- 
**  peicha  or  other  outer  covering." 

A  paper  on  this  subject  was  read  before  the  Society  of  Arts 
and  published  in  their  journal,  April  15,  1859,  in  which  I  demon- 
strated by  practical  experiments  the  restorative  powers  of  my 
fluid  insulation. 

Sir  William  Fothergill  Cooke,  the  Chairman,  in  reply,  spoke  in 
praise  of  the  results,  and  said  he  ^'also  thought  the  invention 
**  would  be  very  valuable  as  applied  to  the  street  wires  of  electric 
*<  telegraphs,  and  these  afforded  more  facilities  for  testing  its 
<<  value."  So  it  cannot  be  said  that  its  applicability  to  under- 
ground wires  was  not  foreseen  at  that  date. 

From  1858  to  1860  I  tried  by  every  means  to  get  the  various 
land  and  submarine  electric  telegraph  companies  to  try  this 
system,  but  in  vain.    I  thus  lost  two  years  of  valuable  time,  and 
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then  went  to  France  in  connection  with  my  printing  telegraph 
instrument,  to  which  I  devoted  my  whole  time  for  many  succeed- 
ing years,  thus  practically  abandoning  my  self-restoring  fluid 
insulation  to  the  public 

The  cause  of  its  failure  to  be  used  then  Was  due  to  the  &ct 
that  the  invention  was  made  before  its  time,  or  that  the  need  of 
its  use  was  not  then  as  great  as  at  the  present  time.  I  am  glad 
to  say  that  now,  thanks  to  electric  light  and  power,  the  use  of  a 
self-restoring  oil  insulation  is  fast  coming  into  actual  practice 
under  the  names  and  patents  of  numerous  succeeding  inventors ; 
60  I  sincerely  thank  Mr.  Preece  for  citing  my  early  work,  and  thus 
giving  me  this  opportunity  of  claiming  as  priority,  the  work  that 
I  had  done  before  and  patented  in  1859. 

My  best  thanks  are  also  due  to  Mr.  Preece  for  the  samples 
of  gutta-percha  wires,  galvanometer,  &c. ;  to  Mr.  James 
Wimshurst  for  the  loan  of  his  static  electric  machine,  and  for 
his  great  assistance  in  preparing  some  of  our  experiments  on 
high-tension  currents ;  also  to  Messrs.  Grindley  &  Co.,  of  Upper 
North  Street,  Poplar,  for  having  supplied  me  with  numerous 
samples  of  their  best  oil,  from  which  I  have  selected  the  oil  that 
I  have  used  this  evening. 

Professor  Hughes  :  The  experiments  which  I  am  now  going 
to  make  are  to  a  great  extent  a  repetition  of  those  I  made  before 
the  Society  of  Arts  in  1859,  and  by  which  I  demonstrated  the 
restorative  powers  of  oil  insulation  when  a  cable  was  injured 
mechanically  or  otherwise. 

In  order  to  test  the  insulation  of  a  short  length  of  cable  (say 
10  inches),  I  have  arranged  a  battery  of  three  lithanode  elements 
(6  volts).  A  wire  from  the  positive  pole  is  in  direct  communi- 
cation with  a  small  metal  tank  containing  salt  water,  in  which 
the  cable  or  insulated  wire  to  be  tested  is  placed.  By  means  of 
a  wire  fiw)m  the  cable  the  return  wire  passes  through  a  telephone 
(in  order  to  detect  a  very  feeble  loss  of  insulation)  and  a  large 
vertical  galvanometer  (on  which  the  audience  can  see  the  results). 
From  the  galvanometer  a  wire  leads  to  the  negative  pole  of  the 
battery,  thus  completing  the  circuit  through  the  insulation  of 
the  cable  to  be  examined. 
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If  I  now  plunge  a  well-insulated  gutta-percha  wire  in  the 
tanky  there  is  no  perceptible  loss  of  insulation  in  the  telephone 
or  galvanometer ;  but  if  I  now  take  this  out  of  the  salt  water  and 
make  a  cross  cut  with  a  small  hand-saw  through  the  gutta-percha 
to  the  internal  copper  wire,  and  this  is  replaced  in  the  tank  of 
salt  water,  loud  tones  are  heard  on  the  telephone,  and  the 
galvanometer  shows  that  a  total  loss  of  insulation  has  taken 
place  of  an  entirely  permanent  character. 

I  will  ask  Mr.  Preece  to  kindly  sit  near  my  experiments,  in 
order  to  listen  to  the  telephone  and  closely  watch  these  effects. 
\^Ea^pervnie7it  repeatedJ] 

I  will  now  repeat  this  experiment  with  a  cable  containing 
rosin  oil.  This,  as  you  see,  consists  of  an  inner  thinly  covered 
gutta-percha  copper  wire  placed  inside  of  a  small  lead  tube 
containing  the  oil,  the  whole  being  of  the  same  exterior  diameter 
as  the  gutta-percha  wire  in  the  previous  experiment.  The  oil 
cable  is  hermetically  sealed  at  the  ends  by  means  of  closely 
packed  cotton  fibre,  so  that  the  oil  does  not  run  out  even  when 
the  lead  tube  is  cut.  [Experinient  made  by  cutting  four  deep, 
wide  savHTuta  to  the  internal  wire,  after  which  the  insulation 
was  immedixUely  restored  by  the  oii.] 

Professor  Pkrry  :  Does  it  harden  at  once  ? 

Professor  Hughes  :  No  ;  in  this  experiment  it  does  not  harden 
nor  flow  out  of  the  cable :  the  oil  closes  on  itself,  and  there  is  no 
oil  apparently  runs  out  of  this  cable. 

Professor  Perry  :  What  would  it  be  like  under  pressure  ? 

Professor  Hughes:  It  has  been  put  under  several  thousand 
atmospheres  pressure  by  Messrs.  Easton  &  Amos.  You  may  say 
I  have  not  cut  it  under  water,  but  out  of  the  water  and  in  the 
air,  which  gives  it  time  to  heal.  Well,  I  will  now  cut  it  under 
water.  [Essperiment  mode  with  success."]  I  think  if  any  surgeon 
cut  a  man's  leg  like  that,  and  said  it  would  at  once  heal  of  itself, 
it  would  be  thought  rather  hard  to  believe.  I  have  had  injured 
cables  for  months  like  that  under  water,  and  without  the  slightest 
loss  of  insulation  at  all.  The  operation  is  that  the  oil  closes  the 
wound  and  is  not  washed  away.  Here  I  have  a  gutta-percha 
cable  with  a  groove  cut  in  it  3  inches  long,  and  a  mp  one- 
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eighth  of  an  inch  wide.  There  is  dead  earth  there.  I  am  going 
to  try  to  restore  that.  I  will  give  it  a  little  rosin  oil  as  a  remedy. 
I  will  plunge  this  wire  into  a  phial  of  rosin  oil^  and  on  again 
testing,  the  insulation  is  found  to  be  perfectly  restored.  I  will 
leave  that  on  for  the  whole  evening,  and  you  ¥rill  see  it  still  good. 
There  is  no  doubt  that  the  insulation  is  most  perfect  with  small 
battery  powers.  But  the  question  arises,  Is  it  as  good  with  high 
battery  powers  ?  And  for  that  reason  I  addressed  myself  to  Mr. 
Wimshurst,  who  most  kindly  prepared  some  experiments  which 
I  will  now  show.  We  shall  have  high  potentials — about  100,000 
volts — and  you  will  see  the  comparison. 
Mr.  Mr.  WiMSHUSgT :  This  piece  of  apparatus  is  very  simple.     It 

consists  of  a  wooden  base  from  which  rises  an  upright  carrying  a 
scale.    This  is  a  rocking  beam,  and  upon  it  are  two  glass  arms 
projecting  about  5  inches.     The  arms  are  situated  at  a  radial 
distance  of   3  inches  from  the  centre.    Fixed  to  the  rocking 
beam  is  a  pointer  to  reach  the  scale.    The  pointer  is  2  ft.  6  in.  in 
length  from  the  centre ;  thus  we  have  a  multiple  of  10.     I  have 
made  the  scale  and  its  figures  to  suit  the  lengths  of  spark  which 
may  be  safely  obtained  with  the  small  influence  machine  now  in 
use.    When  the   rocking    beam    is   placed   horizontally — these 
pendant  balls  are  attached  to  the  ends  of  the  projecting  glass 
arms — the  one  ball  is  left  free  to  spark  through  air,  while  the 
second  ball  hangs  within  a  vessel  containing  oil.    The  containing 
vessel  is  made  with   glass   sides  and  a  suitably  shaped  metal 
bottom.    Now,  while  the  index  pointer  is  vertical,  the  scale  shows 
the    sparking    gap  to    be   1   inch,  both  through  the  air  and 
through  the  oil;   but  when  the  pointer  is  moved  out  of  the 
vertical,  the  spark  on  the  one  side  is  lengthened  and  on  the  other 
is  shortened,  the  altered  lengths  of  both  sparks  being  shown  by 
the  pointer  and  the  scale.     Placed  as  it  now  is  the  sparking  gap 
through  oil  would  be  0*05,  and  in  the  air  1*95.    We  shall,  of  course, 
while  using  oil,  work  down  at  this  end  of  the  scale.     I  will  first 
show  the  relative  value  of  castor  oil,  but  it  is  not  a  very  good 
specimen.    The  connections  are  for  the  ordinary  spark,  and  you 
see  the  pointer  shows  0*25  as  the  length  of  the  spark  in  the  oil,  and 
1*75  as  the  spark  through  air.    When  the  connections  are  made  in 
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the  cuBtoroary  manner,  so  that  the  impulsive  spark  is  in  use,  then  Mr. 
a  much  higher  value  is  taken  by  the  oil,  and  it  will  be  seen  that 
this  sample  of  poor  oil  shows  a  reading  of  0*1  in  oil,  and  1*9  in  air. 

Professor  Hughes:  We  have  two  systems  of  communication Profewor 

Huirh«8. 

to-night.  The  first  one  is  the  ordinary  spark — ^the  ordinary 
arrangement  of  sparking  through  from  the  top  of  a  Leyden  jar. 
Then  we  -have  another  arrangement — theoretically  the  impulsive 
spark — in  which  the  conductors  dre  connected  with  the  two  Leyden 
jars,  and  from  the  lower  portion  of  the  Leyden  jar  connected 
between  the  air  and  the  oil.  That,  according  to  Dr.  Lodge,  is 
very  much,  more  rapid,  giving  a  r^pid  oscillatory  current  of  some 
1,000,000  per  second.  You  see  with  the  impulsive  spark  the  oil 
is  much  superior  to  what  it  is  with  the  ordinary  spark.  The 
higher  the  oscillation  the  greater  the  value  of  the  oiL  We  shall 
conmience  with  the  ordinary  spark. 

Professor  Perry  :  The  only  difference  is,  you  connect  one 
with  the  inside  of  the  Leyden  jar,  and  the  other  with  the  outside  ? 

Professor  HuGHES :  The  first  is  the  ordinary  way.  The  other 
spark  is  from  the  outer  coating  of  one  jar  to  the  outer  coating  of 
the  other. 

Mr.  Wimshubst:  The  reading  here  is  0*15,  as  against  1*85. 

Professor  Hughes  :  With  the  impulsive  spark — the  more 
rapid  spark — you  see  the  distance  is  less;  it  is  about  40  or 
50  times  different  in  favour  of  oil.  Unfortunately,  we  have  no 
rosin  oil.  We  had  some,  but  in  making  the  experiments  we 
broke  the  glass  and  lost  the  oil.  It  seems  to  make  no  difference, 
for  what  I  considered  very  poor  oils  in  my  old  tests  show 
remarkable  results.  The  tests  I  made  showed  that  rosin  oil  was 
very  {bh  superior  to  any  vegetable  or  other  oils.  But  it  seems 
that  with  high  currents  there  is  little  difference.  I  think  it  is 
very  hopeful  for  oil  as  an  insulation  that  the  higher  the  voltage 
/  the  better  it  seems  to  be.  This  seems  to  me  important,  and  gives 
to  oil  insulation  a  very  great  future.  I  must  express  my 
grateful  thanks  to  Mr.  Wimshurst  for  his  experiments  to-night, 
and  also  to  the  audience  for  listening  to  me. 

The  Chatkman;  After  your  expression  of  appreciation,  I  think  ^ 
it  is  really  only  a  matter  of  form  to  call  on  you  to  accord  to 
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aHe'mena.  Professor  Hughes  a  hearty  vote  of  thanks.  His  paper  was  all  the 
more  interesting  because  over  30  years  ago  he  had  already 
recognisfHl  the  value  of  oil,  and  it  is  not  at  all  improbable,  as 
he  said  in  his  remarks,  that  it  may  yet  occupy  a  very  important 
position  as  an  insulating  material.  I  think,  also,  our  thanks 
are  due  to  Mr.  Wimshurst  for  the  kind  way  in  which  he  has 
undertaken  the  great  trouble  of  bringing  here  and  adjusting 
his  apparatus,  which  illustrates  in  such  a  very  striking  manner 
the  difference  between  the  various  insulating  materials.  I  beg 
to  put  it  to  the  meeting  that  our  best  thanks  be  accorded  to 
Professor  Hughes  and  Mr.  Wimshurst. 

This  proposition  having  been  carried  by  acclamation, 

Professor  Hughes:  I  should  like  to  have  added  to  my  lecture 
.  that  Mr.  Latimer  Clark  is  the  only  living  person  who  saw  my 
experiments  35  years  ago. 

Mr.  Preece  :  I  beg  to  claim  to  be  an  exception.  I  certainly 
saw  the  experiments. 

Professor  Hughes  :  I  am  very  pleased  to  hear  it. 

Mr.  Alexander  Siemens  here  vacated  the  chair,  which  was  then 
taken  by  Professor  W.  Grylls  Adams,  F.R.S.,  Past-President. 

The  Chairman  :  We  have  now  to  proceed  with  the  discussion 

on  Mr.  Siemens's  paper,  which  was  adjourned  at  the  last  meeting. 

Mr.  Sir.  HOUSMAN :  I  think  that  the  results  plotted  on  Diagram 

Housman.  ^  ^ 

II.  are  of  special  interest  and  importance,  as  they  are  obtained  by  a 
new  and  distinct  method ;  but  there  are  peculiarities  about  them 
which  deserve  special  attention.  It  would  seem,  from  a  casual 
inspection  of  the  diagram,  that  the  hysteresis  increases  tolerably 
uniformly  from  static  hysteresis,  as  shown  in  Curve  6.,  up  to  100 
periods  per  second,  as  shown  in  Curve  4.  But  it  must  be  noticed 
that  these  are  losses  per  second,  and  not  losses  per  cycle.  If  the 
losses  are  calculated  per  cycle,  it  will  be  seen  that  those  at 
66  periods  per  second,  instead  of  being  about  25  per  cent,  less  than 
those  at  100,  are  about  25  per  cent,  greater.  Curve  6.  is  evidently 
obtained  by  multiplying  Professor  Swing's  measurements  of 
energy  dissipated  per  cycle  by  100  cycles  per  second,  so  that  it  is 
directly  comparable  with  Curve  4.     It  will  be  noticed  that  the 
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losses  on  Curve  4  are  about  double  as  great  as  those  calculated  ^• 
from  Professor  Swing's  results;  while  the  losses  per  cycle  at 
66  alternations  per  second  are  about  2^  times  as  great  as  Professor 
Ewing*8  figures.    The  exact  ratio,  however,  seems  to  vary  con- 
siderably with  the  induction  density.    The  actual  figures  at  5,000 
lines  per  square  centimetre  are :  Loss  per  cycle  statically,  about 
l*12^joule8 ;  at  100  alternations  per  second,  about  2*25  joules ; 
the  loss  at  66  alternations  greater  still,  being  about  2*7  joules. 
This  is  a  result  which  hardly  agrees  with  previous  determinations'. 
I  think  Mr.  Swinburne,  in  experiments  made  some  time  ago, 
found  the  losses  per  cycle  at  about  the  same  frequencies  to  be 
from  3  to  25  per  cent,  greater  than  measured  statically,  and  I 
do  not  remember  that  he  noticed  any  great  variation  with  the 
variation  of  firequency.     My  own  experiments  have  been  made 
with  much  lower  alternations  and  higher  intensity — firom  10,000 
to  20,000  lines  per  square  centimetre,  and  from  3  to  30  alternations 
per  second.    The  losses  measured  are  firom  10  to  20  per  cent. 
greater  than  Swing's  figures,  and  do  not  show  any  noticeable 
Tar^tion  between  the  limits  of  frequency  within  which  the  experi- 
ments were  made.    It  would  seem  as  if  there  were  some  special 
disturbing  influence  due  to  the  peculiar  form  of  transformer  used. 
The  wires  constituting  the  transformer  are  of  comparativdy  large 
diameter,  and  the  calculated  Foucault  current  losses  constitute  a 
rather  large  proportion — about  30  per  cent,  of  the  whole.    In  the 
experiments  made  by  Mr.  Swinburne  the  calculated  Foucault 
current  losses  constituted  an  extremely  small  percentage.      The 
question  therefore  arises  whether  the  discrepancies  noticed  may 
not  be  due  to  the  Foucault  currents  disturbing  the  uniformity  of 
distribution  of  the  induction  by  screening  the  interior  of  each 
wire,  so  that  we  have  the  intensity  on  the  outsides  much  higher 
than  the  average,  and  on  the  insides  much  lower.    On  this  account 
it  may  be  predicted  that  the  apparent  hysteresis  loss  will  be  found 
to  vary  with  the  size  of  wire  used,  and  that  it  is  only  with  very 
thin  wires  that  reliable  data  will  be  obtained. 

Mr.  Stuabt  Russell:  The  point  I  would  like  to  refer  to  in  Mr. 
connection  with  Mr.  Siemens's  paper  is  the  sparking  distance  in 
air,  curves  of  which  are  shown  on  Diagram  VI.  as  there  is  a  striking 
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J^^^^  difference  between  these  results  and  those  obtained  from  experi- 
ments made  by  me  some  time  ago.  Our  tests  were  made  more 
especially  because  we  wished  to  find  out  whether  the  spark  gauge 
was  a  reliable  instrument  to  use  for  approximate  measurements 
of  the  E.M.F.  given  by  an  induction  coil,  and  we  therefore  made 
a  series  of  experiments  with  various  electrodes.  The  spark  gauge 
consisted  of  two  metal  brackets  supported  on  ebonite'  pillars, 
one  b^ing  arranged  to  take  a  sphere,  cylinder,  point,  or  disc  as 
the  fixed  electrode,  and  the  other  carrying  a  micrometer  screw 
graduated  in  thousandths  of  an  inch,  and  arranged  to  take  either 
a  point  or  a  sphere.  The  first  point  particularly  noticeable  is  the 
fact  that  Mr.  Siemens  has  obtained  very  nearly  the  same  striking 
distance  when  using  a  point  and  disc  as  when  using  two  discs,  or 
a  disc  and  sphere.  I  have  put  up  some  curves  showing  the  results 
we  obtained,  the  maximum  striking  distance  in  each  case  being 
plotted,  and  it  will  be  noticed  that  two  curves  are  very  much 
above  the  other  pair.  The  two  top  curves  are  with  a  point  and 
disc  and  a  point  and  cylinder,  the  two  lower  ones  with  a  sphere 
and  cylinder  and  two  spheres.  I  have  handed  in  to  the  Secretary 
a  table  of  results,  which,  however,  I  need  not  read,  as  it  will  be 
seen  from  the  diagram  that  at  about  10,000  volts,  when  the  point 
is  used  as  one  electrode,  the  striking  distance  is,  say,  three  times 
the  striking  distance  between  two  spheres,  or  a  sphere  and 
cylinder.  This  difference,  though  considerable,  is  not  so  great 
as  that  obtained  by  Mr.  Warren  de  la  Bue,  who  with  7,000  volts 
obtained  between  a  point  and  disc  about  four  times  the  distance 
that  he  got  between  two  spheres,  and  at  2,500  volts  about  twice 
the  distance. 

Since  the  reading  of  Mr.  Siemens's  paper,  I  have  repeated  some 
of  these  tests,  to  see  if  I  could  possibly  get  such  short  striking 
distances  as  he  obtained,  which,  as  you  see,  below  5,000  volts  are 
actually  less  when  the  point  is  used  than  between  two  discs,  or  a 
disc  and  sphere,  and  only  slightly  greater  when  higher  voltage 
is  used.  Although  I  have  tried  all  sorts  of  conditions,  I  have 
been  utterly  unable  to  get  such  short  striking  distances.  With 
regard  to  the  reliability  of  the  spark  gauge,  Mr.  Siemens  found 
that  he  was  able  to  repeat  his  tests  with  very  small  degrees  of 
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Striking  Distance,  in  Inches,  in  Air  with  various  Electrodes,  mt. 
Alternating  Current  of  about  100  /a/.  Katio  of  Maximum 
Volts  to  Measured  Volts  =  1-54. 


ToltB  (Mean). 

Point  470° 
and 
Disc 

Point  470° 

and 

Cylinder  I'dia. 

Sphere  S"nuL 

and 
Cylinder  f'dia 

Two  Spheres, 
each  8>' tad. 

2,000 

•052 

•048 

•028 

•028 

3,000 

•104 

•100 

•044 

.016 

4,000 

•181 

•156 

•060 

•070 

5,000 

•277 

•231 

•079 

•093 

6,000 

•346 

•326 

•103 

•119 

7,000 

•410 

•399 

•126 

•146 

8,000 

•477 

•459 

•153 

•169 

9,000 

•550 

•630 

•181 

•194 

10,000 

•650 

•590 

•207 

•217 

error,  but  we  found  large  differences,  especially  with  the  point. 
With  two  spheres,  or  a  sphere  and  cylinder,  the  results  were 
&irly  comparable,  but  with  the  point  as  one  electrode  the  results 
varied  considerably.  Some  of  the  tests  were  made  without 
repolishing  the  electrodes,  but  others  were  made  repolishing  the 
electrodes  before  each  test-,  and  even  then  within  a  short  space 
of  time  we  got  differences  of  between  5  and  10  per  cent,  in  the 
striking  distances.  Another  point,  also,  that  Mr.  Siemens  alluded 
to  was  that  the  time  the  pressure  was  on  beforo  the  spark  passed 
had  no  effect  on  the  striking  distance.  This,  again,  was  certainly 
not  the  result  obtained  in  our  tests,  as  we  found  that  if  the 
electrodes  wero  set  at  a  rather  greater  distance  than  we  had  been 
able  to  get  an  instantaneous  spark  across,  after  two  or  three 
minutes  the  spark  would  pass.  The  results  of  many  tests  showed 
this,  and  I  cannot  help  thinking  that  the  result  of  leaving  the 
pressure  on  for  some  time  has  a  decided  influence  on  striking 
distance ;  and  I  believe  the  results  observed  by  Mr.  Ferranti  some 
time  ago  showed  the  same  thing.  One  other  point  to  which  I 
wish  to  refer  is  the  shape  of  the  curves.    There  is  a  habit  of 
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Mr.  .  speaking  about  the  striking  pressure  in  air  being  so  many  volts 
per  millimetre,  as  though  it  were  a  straight  line  curve,  whereas  all 
the  curves  I  have  seen  are  convex  towards  the  base  line  on  which 
the  volts  are  marked ;  that  is  to  say,  at  high  voltages  the  pressure 
is  very  much  less  per  unit  striking  distance  than  at  low  voltages. 
Taking  the  curve  for  a  point  and  disc  at  10,000  volts,  the  result 
is  15,000  volts  per  inch,  or  600  per  millimetre ;  and  at  2,000  volts 
the  figures  are  38,000  volts  per  inch,  or  1,500  per  millimetre — an 
increase  of  about  150  per  cent.  It  is,  therefore,  very  misleading 
to  talk  about  the  breaking-down  stress  being  equivalent  to  so 
many  volts  per  millimetre,  as  though  t}ie  ratio  were  a  constant 
one. 

Mr.  emb.  Mr.  W.  B.  EssoN :  I  would  like  to  ask  Mr.  Siemens  whether 
he  would  not  considerably  diminish  the  exciting  current  required 
for  his  cable  transformer  by  bending  round  the  two  ends,  and  so 
connecting  the  iron  parts  together.  I  can  quite  understand 
that  if  you  have  a  transformer  like  Mr.  Swinburne's  "  hedgehog,** 
where  to  complete  the  iron  circuit  it  is  required  to  place  a 
large-sized  piece  of  iron  on  each  side  of  the  coil,  in  that  case 
you  would  increase  the  iron  loss  very  considerably ;  but  in  the 
case  of  Mr.  Siemens's  transformer,  by  completing  the  magnetic 
circuit  through  iron  you  do  not  increase  the  iron  loss  in  any 
way,  and  it  seems  to  me  that  in  this  way  the  design  might 
be  improved  somewhat.  Although  we  have  several  curves  given 
by  Mr.  Siemens,  showing  the  losses  at  different  degrees  of 
induction,  and  so  on,  I  do  not  see  amongst  them  any  curve 
giving  the  efficiency  of  the  cable  transformer  at  different  loads — 
an  extremely  important  point.  On  the  diagram  here  I  have 
endeavoured  to  represent  the  importance  of  this  by  taking  the 
curve  of  a  central  station  and  working  out  the  mean  efficiency 
of  different  transformers  for  a  24-hour  load.  The  dotted  line 
gives  the  mid-winter  load  curve  of  the  Kensington  and  Knights- 
bridge  station  to  a  scale  of  amperes  marked  on  the  right  This 
may  be  regarded  as  a  typical  curve  for  the  lighting  of  a  resi- 
dential district,  and  I  am  assuming  that  such  a  district  would 
be  fed  by  a  low-potential  network  from  transformer  sub-stations 
supplied  with  current  through  high-potential  feeders.    The  loss 
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in  a  transformer  may  be  taken,  for  rongh  purposes,  as  eqnal  icr.  Ehoh. 
to  a  +  b  Pf  where  a  and  b  are  constants,  a  depending  on  the 


iron  loss,  and  b  on  the  copper  loss,  aAd  I  being  the  load.  On 
this  basis  I  have  calculated  the  loss  for  two  transformers,  one 
in  which  the  copper  to  the  iron  loss  at  foil  load  is  as  1  to  3, 
and  the  other  in  which  the  copper  to  the  iron  loss  is  as  3  to  1. 
Both  have  at  full  load  95  per  cent,  efficiency,  but  in  the  first  case 
the  copper  loss  is  only  one*third  of  the  iron  loss  at  fall  load, 
whereas  in  the  second  case  it  is  three  times.  The  two  curves, 
A  and  B,  represent  the  efficiencies  at  different  loads ;  the  mean  of 
the  transformer  with  the  large  iron  loss  being  76*3  per  cent,  for 
the  whole  24  hours,  and  the  mean  for  the  one  with  the  large 
copper  loss  being  87*9  per  cent.  This,  remember,  is  for  the 
mid-winter  load.  The  summer  load  I  have  not  worked  out,  so 
cannot  give  the  mean  for  a  year,  though  it  will  be  readily  seen 
that  with  the  diminished  efficiency  the  advantage  will  be  more  on 
the  side  of  the  transformer  with  the  greater  copper  loss.  For  the 
purpose  of  comparison,  I  have  drawn  a  thinner  line  on  the  diagram, 
which  represents  the  efficiency  of  a  feeding  main  for  direct-current 
distribution  in  which  there  is  a  loss  of  10  per  cent,  at  full  load. 
The  mean  efficiency  for  the  24  hours  is  96*2  per  cent.  You  will 
see  from  these  results  that  it  is  very  important  to  know  the 
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Mb.  UNO.  efficiency  of  transformers  at  light  loads,  and  the  corves  give 
some  idea  of  the  kind  of  result  we  get  by  varying  the  iron  and 
copper  loss  while  keeping  the  sum  of  the  losses  the  same  at  fall 
load.  Of  course,  in  transformer  sub-stations  there  ought  to  be 
more  than  one  transformer,  and  in  the  case  of  two  it  works  oat 
that  the  best  result  would  be  obtcdned  for  this  load,  curve  if  their 
outputs  were  as  4  to  1.  Then  a  three*wire  cable  can  be  employed 
-—one  middle  core,  and  two  outside  concentric  wires.  The  middle 
wire  is  connected  to  both  transformers,  and  the  concentric  wires, 
one  to  the  small  and  one  to  the  large  transformer.  There  is 
one  other  question  I  would  like  to  ask  Mr.  Siemens:  What 
was  the  impregnating  material  used  for  the  calico  mentioned 
on  the  last  page  of  his  paper  ? 

Slj:,^^  Mr.  Siemens  :  The  principal  point  I  would  impress  upon  you 

is,  that  the  title  of  my  paper  is  <^  Some  Experiments  with  Alter- 
*^  nating  Currents."  It  was  not  a  treatise  on  transformers,  nor  a 
treatise  on  sparking  distances;  but  I  wanted  simply  to  put  on 
record  certain  facts.  In  the  discussion  which  took  place  at  the 
last  meeting,  I  was  very  much  struck  with  the  way  in  which 
doubt  was  expressed  as  to  the  accuracy  of  the  experiments.  Any- 
body who  has  had  anything  to  do  with  cable  manufacture  knows 
perfectly  well  that  with  the  usual  instruments  there  is  no 
difficulty  whatever  in  teading  the  resistance  to  the  fourth  decimal 
of  an  ohm. 

Then  Mr.  Evershed  thought  that  measuring  temperature 
by  electrical  resistance  was  not  a  very  safe  method,  and  he 
seemed  to  prefer  the  method  Mr.  Swinburne  mentioned  of 
placing  the  thermometer  into  the  bristles  of  a  *^  hedgehog ;  ^  but 
I  would  remind  you  that  the  electrical  pyrometer  devised  by  Sir 
William  Siemens  was  on  exactly  the  same  principle  upon  which 
these  temperature  measurements  were  carried  out.  I  really  do 
not  know  of  any  method  which  could  be  more  accurate  than  measur- 
ing the  increase  of  resistance  of  a  wire,  whether  copper  or  iron  or 
platinum,  to  determine  the  temperature  of  that  wire.  To  apply 
this  particular  method  to  measuring  the  rise  in  temperature  in  a 
transformer  has  been,  I  think,  first  suggested  by  Dr.  Baur,  as  I 
mentioned  in  the  paper.    I  think  I  expressed  very  clearly  in  my 
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paper  that  the  resolts  which  refer  to  transformers  were  all  arrived  Mr. 

Siemenfl. 

at  when  that  particular  form  of  transformer  which  I  call  *^  cable 
^  transformer  '*  is  used.  That  reminds  me  I  received  a  letter  from 
Mr.  Uppenbom^  of  Berlin,  who  informs  me  that  he  had  applied 
for  a  patent  some  time  in  1881  suggesting  a  cable  transformer; 
but  from  his  description  it  appears  that  he  wanted  to  make  it  by 
having  a  primary  conductor  surrounded  by  a  number  of  parallel 
secondary  conductors,  and  then  the  whole  cable  was  to  be  wound 
round  with  iron  wire  in  the  direction  of  the  lines  of  force.  That 
is  practically  the  transformer  mentioned  in  my  paper  as  being 
suggested  by  Dr.  Werner  Siemens,  which  did  not  act,  and  the 
essential  difference  of  this  new  transformer  is  that  the  iron  is  inside. 

I  am  very  sorry  to  hear  from  Mr.  Sussell  that  his  results 
differ  so  much  from  mine.  We  have  been  exceedingly  carefrQ 
in  making  the  experiments,  and  the  electrodes  which  we  used 
with  the  sparking  micrometer  we  have  polished  up  after  every 
experiment,  and  our  experiments  were  in  very  good  accordance 
with  each  other;  I  think  I  mentioned  in  the  paper  that  there 
was  only  I  per  cent,  difference.  I  believe  you  can  attach  great 
value  to  the  distances  given  in  the  paper.  That  the  point  did 
not  show  a  great  difference  as  against  the  sphere  and  disc  was 
rather  surprising,  but  every  care  was  taken  to  obtain  accurate 
results.  With  regard  to  the  influence  of  time,  I  specifically 
said  time  has  no  influence  on  sparking  over  in  air ;  Mr.  Bussell 
specifically  mentioned  that  time  has  influence  in  the  case  of 
cables  and  other  materials.    There  lies  the  difference. 

With  regard  to  Mr.  Esson's  remark,  it  is  really  answered  in  the 
paper,  which  states  that  the  induction  along  the  whole  of 
the  cable  transformer  is  very  uniform — ^that  it  only  falls  off  a 
very  little  at  the  ends.  Of  course  that  &lling  off  would  be 
avoided  if  the  ends  were  united.  But  I  do  not  think  the 
difference  is  worth  having.  It  would  probably  give  more  trouble 
to  unite  the  iron  in  a  thoroughly  magnetic  way,  if  I  may  say 
so,  than  to  leave  it  as  it  is.  I  particularly  did  not  say  anything 
about  efficiency  of  transformers,  so  as  to  avoid  discussion  on 
that.  I  simply  wanted  to  bring  before  you  some  experiments 
on  alternating  currents,  but  by  no  means  exhaust  the  subject. 
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Mr.  The  canvas  about  which  Mr.  Esson  inquires  was  impregnated 

with  india-rubber  solution. 

I  think  those  were  all  the  remarks  that  called  for  any  answer. 
ProfMBor  The  Chairman  :  I  am  sorry  personally  to  be  in  the  position 

A«™*  of  having  been  absent  from  the  meeting  at  which  Mr.  Siemens's 
paper  was  read,  and  that  I  have  not  therefore  been  able  to 
properly  fill  the  chair  on  this  occasion  and  make  any  remarks 
with  regard  to  it.  I  am,  however,  very  glad  to  have  heard  part 
of  the  discussion  upon  it.  I  now  call  upon  you  to  accord  your 
thanks  to  Mr.  Siemens  for  his  valuable  paper. 
The  motion  was  carried  unanimously. 

Mr.  SwiNBUBNE :  I  suggest  that  the  discussion  on  Professor 
Hughes's  paper  be  adjourned;  the  subject  is  a  most  important 
one,  and  I  should  think  a  great  many  members  would  like  to  speak 
upon  it. 

The  proposal  was  agreed  to. 

The  Chaikbian  announced  as  the  result  of  the  ballot  that  tbe 
following  candidates  had  been  duly  elected : — 

Assodatea : 
Joseph  Cecil  Bull.  I      William  Alexander  Wilson. 


George  Johnson. 


Students: 


William  A.  Brodie.  I      Gerald  Douglas  Gibson. 

J.  Hermann  Field.  I      Harold  George  Bea. 

The  meeting  then  adjourned. 


Digitized  by  LjOOQIC 


1S92.]  DONATIONS  TO  THE  MBRABY.  267 


The  Two  Hundred  and  Thirty-fourth  Ordinary  General  Meeting 
of  the  Institution  was  held  at  the  Institution  of  Civil 
Engineers,  25,  Great  George  Street,  Westminster,  on  Thursday 
evening,  March  17th,  1892— Prof.  W.  E.  Ayrton,  F.R.S., 
President,  in  the  Chair. 

The  minutes  of  the  Ordinary  General  Meeting  held  on  March 
10th,  1892,  were  read  and  confirmed. 

The  names  of  new  candidates  for  election  into  the  Institution 
urere  announced  and  ordered  to  be  suspended. 

'The  following  transfers  were  announced  as  having  been 
approved  by  the  Council : — 

From  the  class  of  Students  to  that  of  Associates — 

Stanley  Bone.  |  William  James  Davy. 

Donations  to  the  Library  were  announced  as  having  been 
received  from  Mr.  A.  R.  Bennett  and  Mr.  Killingworth  Hedges, 
Members ;  to  whom  the  thanks  of  the  meeting  were  duly  accorded. 

Mr.  Fairfax  and  Mr.  Blackwell  were  appointed  scrutineers  of 
the  ballot  for  new  members. 

The  PREsmsNT:  We  will  now  resume  the  discussion  on 
Professor  Hughes's  paper,  ^^  On  Oil  as  an  Insulator." 

Mr.  A.  A.  Campbell  Swinton:  I  would  like  to  give  par-i|^ 
ticulars  of  some  experiments  I  made  about  16  months  ago  of 
a  similar  character  to  those  dealt  with  in  the  paper,  but  in 
which  rather  different  results  were  obtained  to  those  of  Professor 
Hughes.     The  oil  used  was  resin  oil  of  the  kind  employed  in 
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Brooks's  system,  and  the  current  was  obtained  from  an  induction 
coil  instead  of  from  a  Wimshurst  machine. 

Spark  in 
Air. 
In. 

1 

1-125 

1-5 

1-5 

1-75 

2-75 

5-125 

7-875 

The  results,  as  will  be  seen,  were  exceedingly  different  fit>m 
those  of  Professor  Hughes.  The  best  result  is  the  top  one  on  the 
list,  in  which  the  oil  had  a  resistance  to  sparking  of  10  times  that  of 
air.  As  will  be  observed,  another  result  came  out  with  a  spark  in 
oil  of  1  inch,  making  the  resistance  of  oil  a  little  less  than  three 
times  that  of  air.  The  experiments  were  carried  out  in  exactly 
the  same  manner  as  those  made  by  Professor  Hughes,  the  only 
difference  being  in  the  use  of  the  induction  coil  and  the  absence 
of  any  Leyden  jar.  The  induction  coil  was  capable  of  giving 
12-inch  sparks  in  air,  but  we  were  unable  to  go  higher  than  7-8 
inches,  because  at  this  point  the  sparks  came  out  through  the 
glass  and  destroyed  the  apparatus.  It  is  very  possible  that  the 
oil  used  was  not  so  anhydrous  as  that  employed  by  Professor 
Hughes.  I  do  not  know  whether  his  oil  was  specially  treated  to 
remove  the  water  or  not,  but  I  would  like  to  point  out  that  oil 
thus  specially  prepared,  however  usefrd  for  certain  purposes,  when 
enclosed  so  that  moisture  cannot  get  to  it,  is  bound  to  absorb 
moisture  from  the  air  if  it  has  a  chance.  Therefore  oU  in  ita 
natural  condition  is  more  permanent  than  oil  which  has  been 
specially  anhydrated.  I  think  that,  as  a  matter  of  fitct,  the 
differences  between  my  results  and  those  of  Professor  Hughes  are 
probably  due  rather  to  the  use  of  the  induction  ooU  than  to 
differences  in  the  quality  of  the  oil  itself,  and  of  course  the  current 
produced  by  the  induction  coil  is  more  nearly  comparable  to  that 
employed  in  ordinary  electric  lighting  with  highrtensiop  alter- 
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Hating  apparatus  than  is  the  current  obtained  from  a  Wimshurst  Mr. 

-,  ,  .liv*     Swinton 

machine.  I  also  experimented  with  ordmary  commercial  paraffin 
oil,  which  was  found  to  give  about  one-half  the  resistance  to 
sparking  obtained  with  the  resin  oil.  I  should  mention  that  with 
every  discharge  through  oil  there  is  a  very  distinct  amount  of 
carbon  formed.  I  did  not  change  the  oil  after  each  experiment, 
and  it  is  just  possible  that  the  carbon  formed  in  the  oil  may  have 
had  some  effect  in  making  the  sparking  more  easy  in  the 
subsequent  experiments.  The  best  insulation  that  I  obtained 
with  oil  was  10  times  that  of  air,  whereas  Professor  Hughes 
apparently  got  79  times.  I  think  it  would  be  very  interesting  if 
Professor  Hughes  would  try  his  experiments  over  again  with  the 
different  classes  of  oil  that  he  used,  using  an  induction  coil :  I 
think  he  would  obtain  very  different  results  from  those  that  he 
got  with  the  Wimshurst  machine. 

Mr.  W.  C.  Johnson  ;  The  last  speaker  has  given  you  some  practi-  johncon. 
cal  information,  but  before  I  venture  to  contribute  any  remarks 
under  that  head  I  should  like,  with  your  permission,  to  revert  to 
history.  I  know  that  the  history  of  inventions  is  not  a  very 
palatable  one  to  practical  men,  but  I  feel  very  strongly  that  it 
is  my  duty  on  this  occasion  to  vindicate  the  rights  of  the  late 
Mr.  David  Brooks,  whose  representative  I  have  been  in  England. 
I  may  perhaps  be  allowed  to  digress  so  far  as  to  refer  to  what 
I  consider  parallel  history.  In  1876,  my  firm,  Messrs.  Johnson 
&  Phillips,  patented  the  oil  insulator  for  overhead  wires  which 
is  now  well  known.  At  first  but  little  interest  was  shown  in  the 
mvention.  In  £act,  it  was  derided  on  all  sides,  and  Messrs. 
Johnson  &  Phillips  found  it  impossible,  as  a  firm,  to  get  it  taken 
up  in  England,  after  experimenting  at  great  expense  for  some 
years.  But  the  India  Office  took  it  up,  and  they  soon  recognised 
the  value  of  the  system,  working  lines,  especially  those  near  the 
sea  coast,  at  all  times,  whereas  previously  they  could  not  work 
these  lines  with  any  degree  of  reliability  except  under  very 
&vourable  atmospheric  conditions.  Well,  just  at  the  time  that 
this  invention  was  likely  to  become  a  commercial  success,  we 
were  naturally  very  easily  frightened  by  people  who  were  able  to 
show  that  other  inventors  had  been  on  the  same  track.      An 
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American  patent  specification  was  put  in  our  hands  which  at  the 
time,  and  for  a  moment  or  two  after  reading  some  parts  of  it, 
seemed  to  threaten  to  npset  our  patent  altogether.  It  specified, 
for  instance,  that  paraffin  should  be  poured  into  an  annular  space 
around  the  insulator,  and  this  apparently  disclosed  the  &ct 
somebody  else  had  been  before  us  in  the  field  as  inventors  of  a 
fluid  insulator.  But,  after  reading  on  to  the  next  page,  it 
became  evident  that  this  was  solid  paraffin  that  was  proposed, 
for  it  spoke  of  its  surface  as  capable  of  being  wiped  clean. 
Perhaps  I  have  dwelt  too  long  on  the  subject  of  this  invention  of 
Mr.  Phillips,  but  it  may  be  regarded  as  a  parallel  case  to  the  one 
under  discussion.  I  think  that  after  hearing  Professor  Hughes's 
paper,  and  after  reading  the  extracts  firom  his  specification  of 
1859,  which  he  quotes  in  his  paper,  anyone  might  well  come  to 
the  conclusion  that  David  Brooks  had  been  anticipated.  But  it 
is  quite  obvious  that  Professor  Hughes's  description  of  his  in- 
vention, if  you  will  read  his  blue-book,  is  that  the  outer  covering 
of  the  core,  which  he  quite  correctly  describes  as  a  tube,  is  in  all 
cases  an  instdating  tube.  You  cannot,  by  reading  the  complete 
specification,  or  by  referring  to  the  lecture  which  Professor 
Hughes  gave  before  the  Society  of  Arts,  come  to  any  other 
conclusion.  For  example,  how  could  an  oily  coating,  as  applied 
by  Hughes — between  the  layers  of  a  gutta-percha  core — ^be  of 
any  service  in  healing  up  a  leak  in  the  iron  pipe  of  a  Brooks 
main  ?  and  this  sealing  up  of  flaws  is  the  essence  and  sole  object 
of  his  invention.  Professor  Hughes's  patent  No.  84  (dated  Jan. 
11th,  1859)  was  tried  and  experimented  with  at  the  Gutta- 
percha Works.  Mr.  Willoughby  Smith — who,  alas !  is  no  longer 
able  to  give  us  interesting  records  of  those  experiments-— found  it 
to  be  of  no  practical  value.  The  idea  of  closing  up  gutta-percha 
faults  by  such  an  expedient  was  an  idea  which  did  not  go  down. 
People  said  there  should  be  no  faults.  ManufEusturers  objected 
to  having  gutta-percha  coverings  healed  when  they  did  not 
require  healing.  In  £Eu;t,  objection  was  at  that  time  taken  even 
to  tarring  the  yam  serving  of  a  cable,  because  the  tar  reached  the 
surface  of  the  gutta-percha  core  and  closed  up  incipient  faults. 
For  that  reason  it  was  not  allowable,  because  it  was  likely,  as 
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with  Professor  Hughes's  invention,  to  close  up  incipient  faults.  Mr. 
I  consider  that  the  use  of  Chatterton  compound,  which  came 
into  use  about  that  time,  was  much  more  like  an  infringement  of 
Hughes's  patent  than  that  of  David  Brooks. 

Professor  Hughes  :  I  think  Chatterton  was  a  little  before  me, 
and  I  must  have  infringed  him,  then. 

Mr.  Johnson:  I  will  not  tell  you  any  more  history,  but  I 
would  like  to  tell  you  what  Messrs.  Johnson  &  Phillips  have 
done  in  the  way  of  lapng  down  lines.  The  business  done  in  that 
direction  has  been  small,  because'  there  has  been  a  great  want  of 
£Euth  in  it;  but  now  that  such  men  as  Mr.  Nikola  Tesla,  Pro- 
fessor Crookes,  Mr.  Preece,  and  Professor  Forbes  have  all  spoken 
within  the  last  month  or  two  of  the  merits  of  oil  insulation, 
there  is  naturally  great  interest  shown,  and  a  great  number  of 
inquiries  are  made  as  to  what  can  be  done.  I  am  not  going 
to  deal  with  the  electrical  part  of  the  matter,  because  I  am  not 
suflSciently  armed  on  this  occasion  to  give  you  any  details.  But 
my  firm  have,  in  the  nine  or  ten  lines  which  they  have  constructed, 
aimed  at  making  the  lines  practically  commercially  efficient, 
rather  than  at  obtaining  any  high  insulation;  anything  over 
100  megohms  being  practically  good  enough  for  mains  for 
electric  lighting  and  power  transmission.  There  are  many  here 
who  have  been  at  the  works  at  Charlton,  and  who  have  seen  the 
Brooks  line  which  was  laid  there,  and  which  has  been  tested  for 
many  hours  continuously  at  a  pressure  of  15,000  volts,  and  that 
alone  speaks  very  well  for  the  system.  The  great  unreliability  of  the 
different  samples  of  oil  has  been  a  matter  of  real  difficulty,  and  Pro- 
fessor Hughes  is  evidently  well  aware  of  that  fact,  from  what  he  has 
said.  It  is  a  very  easy  matter  to  test  a  small  quantity  of  oil ;  it  can 
be  done  in  the  laboratory  with  great  ease.  For  testing  such  large 
quantities  of  oil  as  have  to  be  dealt  with,  however — I  think  over  a 
thousand  tons  have  passed  through  the  Charlton  works  during  the 
last  two  years — I  have  devised  a  method,  which  is  now  only  in  an 
experimental  stage,  by  which  I  hope  to  electrically  test  oils  in 
bulk,  so  as  to  readily  determine  the  uniformity  of  their  insu- 
lating qualities.  I  shall  drive  the  oil  at  great  pressure  between 
two  metal  surfaces,  which,  except  for  the  intervening  oil,  are 
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Mr.  otherwise  perfectly  insulated    from   each   other.    To    test    the 

insulating  properties  of  the  oil,  as  it  flows  between  these  plates 
a  current  of  high  E.M.F.  is  supi^lied  by  a  dynamo.  It  is  so 
arranged  that  a  galvanometer  in  the  circuit  will  indicate  any 
variation  in  the  conductivity  of  the  oil  as  it  passes  between 
these  plates.  It  is  very  unfortunate  that  Professor  Hughes  did 
not  press  his  claims  earlier,  as  now  Willoughby  Smith  and 
David  Brooks  are  necessarily  absent ;  but  at  the  same  time  I  need 
hardly  say  I  congratulate  Professor  Hughes  and  admire  his 
original  investigations  in  this  matter.  He  is,  as  an  inventor,  a  giant 
in  this  country,  we  all  know,  and  therefore  I  need  not  detain  you 
by  paying  any  particular  tribute  to  his  genius  on  that  score. 
The  work  carried  out  by  Brooks  was  well  known  by  Mr.  Preece, 
and  it  can  hardly  have  escaped  his  attention  that  Brooks,  whom 
he  warmly  congratulated  upon  his  invention,  was  trenching  upon 
the  ground  claimed  by  his  friend  Professor  Hughes.  Mr.  Brooks 
has  upset  a  patent  of  mine.  I  patented  putting  transformers  in 
oil;  but  after  I  had  done  so,  I  found  that  David  Brooks  had 
anticipated  me  by  putting  induction  and  similar  coils  for 
electrical  purposes  in  oil,  so  I  had  to  give  up  that  patent.  I 
have  nothing  more  to  say,  but  to  repeat  that  it  is  obvious,  on 
reading  the  patent  specifications,  that  the  Brooks  system  was  not  in 
Professor  Hughes's  mind  when  he  patented  those  ingenious  devices 
to  be  used  in  submarine  telegraphy,  and  I  am  sure  that  Professor 
Hughes  can  well  allow  David  Brooks  his  claim  on  this  subject 
m  full. 

Mr.  Roffen.  Mr.  F.  M.  BooERS :  I  should  like  to  ask  if  an  analysis  was  made 
of  the  various  forms  of  oil  submitted  to  test,  because  I  suppose 
there  are  few  commercial  products  which  vary  in  composition 
more  than  oils.  Castor  oil,  for  instance,  is  often  a  very  impure 
preparation.  Besin  oil,  again,  which  is  largely  employed  upon 
railways  and  for  machinery,  deposits  its  resin,  as  a  gummy  sub- 
stance, upon  the  axles  and  other  parts  of  running  machinery, 
as  users  find  to  their  cost.  Now  it  has  occurred  to  me  that^ 
unless  care  be  taken  to  ensure  some  standard  of  purity,  the  resin 
would  be  deposited  as  a  film  upon  the  conductor  within  the  pipe  ; 
and  since  I  imagine  it  to  be  the  chief  insulating  property,  it  may 
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be  that  the  residue  would  not  give  much  protection  if  the  film.Mr.Bogen. 
were  perforated  under  the  high  pressures  now  employed.  Some 
common  vegetable  oils,  such  as  castor,  wahiut,  and  others,  are  at 
times  produced  in  quantities  much  in  excess  of  demand  in 
Northern  India  and  elsewhere,  and  consequently  can  be  bought  at 
low  rates ;  and  since  I  believe  that  paraffin  will  readily  dissolve  in 
some  of  these  fatty  oils,  it  seems  to  me  that  the  crude  residuals 
from  the  distillation  of  paraffin,  which  are  of  little  value,  could, 
after  the  removal  of  injurious  impurities,  be  mixed  with  some  one 
or  other  of  these,  and  thereby  form  a  cheap  non-conducting  fluid 
of  high  quality.  I  have  at  the  present  time  a  sample  of  one  of 
these  residuals  which  came  from  South  Bussia;  it  is  a  black,  semi- 
fluid substance,  that  looks  promising  in  insulating  properties,  and 
I  shall  be  very  pleased  to  send  some  of  it  to  Professor  Hughes,  if 
he  would  like  to  test  it. 

Mr.  W.  Gbat:  I  have  listened  with  great  pleasure  to  Professor  Mr.  amy. 
Hughes's  paper,  which  I  think  gives  a  great  deal  of  valuable 
information  on  the  work  done  by  electricians  of  the  older  school ; 
and  as  these  experiments  were  originally  carried  out  many  years 
ago,  I  would  like  to  congratulate  him  on  the  complete  way  in 
which  he  has  been  able  to  put  his  results  before  the  Society.  I 
do  not  propose  in  any  way  to  discuss  the  paper,  but  perhaps  I 
may  be  allowed  to  quote  a  few  &cts  which  may  interest  the 
meeting,  as  looking  at  the  question  from  a  difierent  point  of  view. 
I  will  not  enter  into  the  matter  as  to  whether  Professor  Hughes's 
patent  was  original  or  not,  or  whether  it  covered  the  present 
practice.  Many  experiments  have  been  made — ^notably  some  by 
Bousseau,  in  1826  I  think — on  the  insulating  qualities  of  oil. 
Professor  Hughes  no  doubt  knows  of  these,  but  I  am  not  aware 
that  anything  practical  ever  came  of  them. 

In  testing  various  oils  we  found  the  insulation  resistances 
obtained  were  very  uneven— due,  no  doubt,  to  uneven  quality  of 
the  oils.  For  example,  taking  10^  G.G-.S.  units  as  unity,  n^ 
oil  was  found  to  vary  between  0-5  and  5 ;  linseed  oil,  from  0*28  to 
0-75;  lard  oil,  from  2-2  to  5;  colza  oil,  1  to  15;  cottonseed  oil 
gave  an  insulation  resistance  of  about  50  units.  A  mixture  of 
tulip  and  linseed  oils  gave  a  resistance  of  only  from  0-3  to  1 ; 
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Mr  Gmy.  another  mixture  of  nut  oils,  from  0-4  to  1 ;  thus  showing  that, 
aUowing  for  a  variation  in  oil  itself,  there  was  a  still  greater 
variation  in  the  different  classes  of  oil,  linseed  oil  giving  only  0*28, 
whereas  cottonseed  oil  gives  as  much  as  53.  It  is  therefore 
obvious  that  at  the  present  day,  when  referring  to  oil  insulation, 
the  oil  itself  should  be  specified.  After  testing  for  insulation 
resistance,  these  oils  were  put  into  glass  tubes,  and  a  number  of 
experiments  conducted  on  the  sparking  distances  through  them. 

The  current  used  was  obtained  from  an  alternating-current  trans- 
former at  10,000  volts  potential,  and  not  from  an  induction  coil  or  a 
Wimshurst  machine,  and  to  this  is  no  doubt,  in  some  degree,  due 
the  different  results  obtained  by  Professor  Hughes  and  ourselves. 
The  conductors  terminated  in  two  spheres,  and  it  was  found  that 
with  rape  and  linseed  oils  the  sparking  distances  were  only  a  little 
less  than  for  air.  I  was  therefore  rather  surprised  to  note  that 
Professor  Hughes  found  this  to  be  only  l-79th  of  the  sparking 
distance  in  air :  under  ordinary  conditions  this  latter  figure  is  no 
doubt  excessive.  After  the  oils  had  been  sparked  through,  they  were 
again  tested  for  insulation  resistance,  and  were  found  in  many 
cases  to  give  only  slightly  less  insulation.  This  result  appeared 
strange,  since,  especially  with  the  heavier  oils — ^which  were  tested 
without  disturbing  or  mixing  them — heavy  carbon  deposits  were 
found  when  sparking  through  with  the  10,000  volts,  and  it  was 
observed  after  the  formation  of  these  deposits,  the  circuit  being 
broken,  that  on  re-making  the  circuit  with  a  much  lower  difference 
of  potential  at  the  spheres  (which  were  kept  the  same  distance  apart) 
the  oil  sparked  through,  in  one  case  with  a  heavy  oil,  at  as  low  a 
potential  as  2,000  volts,  showed  that  the  carbonaceous  deposit 
had  certainly  greatly  affected  the  sptirking  distance,  without 
apptirently  much  affecting  the  insulation  resistance. 

Mr.  Bruce  Warren  has  kindly  given  me  the  results  of  some 
tests  upon  oils  made  by  him  in  1867  with  a  battery  KM.F.  of 
about  150  volts  (100  cells);  on  re-testing  the  same  oils  in  1889 
(22  years  later),  the  insulation  resistance  was  higher  when  tested 
with  a  battery  of  25  cells,  say  38  volts ;  but  when  the  battery  was 
increased  to  100  cells  (150  volts),  as  originally  used,  the  insulation 
practically  broke  down,  although  during  the  whole  of  this  time 
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the  oils  had  been  kept  in  glass  bottles,  and  not  in  contact  with  ^^  q^^. 
metal,  where  they  might  become  decomposed*  During  the 
sparking  distance  experiments  it  appeared  that  in  the  case  of 
thick  oils,  such  as  resin,  the  gases  formed  by  this  sparking  cannot 
readily  get  away,  and  for  this  reason  the  sparking  distance 
becomes  distinctly  reduced ;  whereas  with  the  thinner  oils 
and  spirits  the  gases  escape  more  easily,  but  the  oils  were 
destroyed  in  much  greater  degree  when  the  heavy  discharges  took 
place  through  them. 

Mr.  Fbederick  H.  Vaeley  :  Two  causes  induce  me  to  speak.  The  u^  Ytuiej, 
first  is,  that  I  had  the  distinguished  honour  to  see  Professor  Hughes's 
experiments  at  the  Society  of  Arts  in  1859 ;  and  the  second,  I 
have  also  made  some  experiments  with  oil  as  an  insulator.  Professor 
Hughes  last  evening  employed  the  multiple-arc,  or  differential, 
method :  he  took  sparks  in  air  and  balanced  them  against  sparks 
in  oil.  My  method  differed  from  Professor  Hughes's,  inasmuch 
as  I  employed  a  series  test:  the  current  had  to  spark  through 
oil  and  through  air  simultaneously,  the  length  of  spark  in  air 
determining  the  insulating  or  conducting  proi)ertie8  of  the  oil. 
The  sparking  points  for  oil  were  made  to  face  each  other 
liorizontally  by  bending  the  ends  of  the  wires  at  right  angles, 
and  the  points  adjusted  by  means  of  a  graduated  wedge  to 
1.20th  of  an  inch  apart ;  one  point  was  connected  with  the 
terminal  of  the  induction  coil,  the  other  to  the  spark-receiving 
terminal  of  the  air  discharge.  By  this  means  I  was  able  to 
take  sparks  entirely  through  air,  or  by  raising  a  cup  containing 
oil  to  immerse  the  adjusted  points  at  will.  I  found  that  rape- 
seed  oil,  linseed  oil,  and  coooanut  oil  were  less  resisting  than 
air.  Olive  oil  was  about  the  same  as  air.  With  the  three  first 
qUb  the  sparking  distance  in  air  was  pretty  constant  at  a  little 
over  1|  inches.  In  the  case  of  para£Sn  oil  and  rosin  oil  the 
distance  between  the  sparking  loop  and  receiving  terminal  had 
to  be  brought  down  three-eighths  of  an  inch  before  the  discharge 
would  spark  through  the  insulating  oils.  I  would  mention  that 
the  sparking  point  in  air  was  made  by  a  loop  of  fine  copper  wire« 
coated  with  cotton  and  moistened  with  alcohol,  attached  to  the 
adjustable  sparking  rod  of  the  induction  coil,  the  receiving  terminal 
VOL.  XXI.  19  p.g.^.^^^  ^y  Google 
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Mr.  Taiiey.  being  a  flat  brass  plate ;  the  discharge  from  the  induction  coil 
being  controlled  by  patting  on  resistance  between  the  battery 
and  primary  until  regular  sparks  from  1^  to  2  inches  were  obtained. 
I  think  this  method  of  series  testing,  if  I  may  use  the  term,  as 
against  the  multiple-arc  system,  affords  a  more  ready  means 
of  picking  out  oils  which  are  better  conductors  than  air  froni 
oils  which  are  distinctly  insulators. 

My  experim^its  were  made  in  1869  or  1870 — about  10  years 
after  Professor  Hughes's  memorable  experiment.  I  was  trying  to 
make  static  condensers,  the  idea  being  that  if  you  had  a  fluidinsulator 
you  could  adjust  the  extent  of  the  tinfoil  surfaces  by  cutting  oat 
or  adding  to  the  inductive  surfaces  until  an  exact  standard 
micro&rad  condenser  was  obtained.  With  paraffin  oil  as  an 
insulator  a  very  curious  thing  happened,  with  a  current  of  400 
insulated  Daniell  cells.  Three  sheets  of  bank  post  paper  were 
pierced  and  the  foil  carried  through  the  hole,  making  metallic 
contact,  and  so  the  condenser  became  perfectly  useless.  A 
precisely  similar  set  was  tried  with  a  charge  of  100  volts,  which 
stood  very  well  for  a  few  days.  In  all  these  cases  the  paper  was 
carefully  dried  and  soaked  in  paraffin  oil  which  had  previously  been 
filtered  through  unslacked  lime,  which  had  been  heated  to 
drive  out  any  moisture.  I  found  the  oil  so  dry  that,  on  passing 
a  strip  of  paper  soaked  in  it  between  the  fingers,  exerting  a  slight 
rubbing  friction,  it  readily  became  excited  and  acquired  the  dectric 
state.  The  condenser  under  the  charge  of  100  volts  gradually 
increased  in  capacity,  then  became  unreliable,  and  finally  teHLed  to 
hold  any  charge  at  all.  The  cause  was  not  far  to  seek.  I  found 
that  paper  is  much  more  hygroscopic  than  paraffin  oil,  and  that 
moisture  still  retained  in  the  oil  was  carried  into  the  paper  by 
repeated  charging  and  discharging  of  the  condenser,  until  the 
paper  became  actually  conducting  from  the  amount  of  moisture 
it  acquired.  This,  naturally,  frustrated  the  purpose  intended. 
When  they  began  to  fail,  they  first  held  a  charge  for  a  few 
minutes,  and  finally  would  not  hold  it  for  a  second.  I  mention 
these  experiences  as  they  may  be  of  use  in  reference  to  the 
employment  of  oil  as  an  insulator,  and  because  I  think  if  the  series 
method  is  used  you  get  a  little  more  information  than  from  the 
differential  method.  ^         I 
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Dr.  Fleming  t  A  preTiaus  speaker  this  evening  has  alluded  to  Dr. 
early  experiments  of  patting  transformers  into  oil  as  a  means  of 
insulating  them.  Some  time  ago,  when  a  good  many  patents 
were  being  taken  out  for  this  pnrpose^  I  had  the  curiosity  to  look 
up  early  literature  on  this  subject.  In  1851,  Suhmkorff  was 
engaged  in  developing  his  induction  coil,  and  he  found  great 
difficulty  in  securing  permanent  insulation.  He  used  paper 
covered  with  shellac  varnish.  Du  Moncel,  in  his  '^Applications 
**  of  Electricity,"  says  that  M.  Jean,  an  amateur  electrician  in 
Paris,  in  1854,  made  a  suggestion  of  simply  winding  the  in<* 
duction  coil  with  cotton-covered  copper  wire  and  plunging  the 
wbole  coil  under  the  suor&ce  of  an  insulating  fluid.  M.  Jean 
employed  <r1  of  turpentine  as  his  fluid  insulation.  He  first 
dried  the  coil  very  carefully  in  vacuum,  plunged  it  underneath 
the  sur&ce  of  oil  of  turpentine,  and  found  that  he  was  thus 
able  to  secure  very  high  insulation ;  in  fact,  he  produced  a  coil 
which  gave  sparks  of  30  centimetres,  or  a  foot  in  length,  at  a  time 
when  Buhmkorff  had  fidled  to  get  anything  like  that  length  of 
gpark,  and  Du  Moncel  therefore  claimed  for  his  countryman, 
M.  Jean,  the  priority  in  this  matter.  I  find,  however,  that  at  or 
tdixmt  the  same  time  a  suggestion  of  the  same  kind  was  made  by 
lV>ggendor£^  of  Berlin.  The  work  of  M.  Jean  will  be  found  in 
the  Oomptes  Benchis  for  1858.  Poggendorff's  experiments  are 
to  be  found  described  in  the  Philosophical  Magazme  for  July, 
1855^  in  a  very  long  paper,  in  which  he  investigates  the  Buhm* 
korff  coil,  and  the  difficulties  encountered  in  trying  to  obtain 
a  great  length  of  spark,  and  he  points  out  the  difficulties  of 
insnlating  by  means  of  solid  insulators.  Therefore  he  suggested 
a  fmd  maulaior  for  the  coil,  because  such  an  insulator  would  be 
incapable  of  being  permanently  pierced.  Instead  of  shellac 
dissolved  in  di/aoho]^  and 'paper,  he  suggests  a  fluid  insulator  such 
as  molten  spermaceti  or  paraffin  wax,  or,  better  still,  a  fluid 
insulator  such  as  vegetable  oil  or  oil  of  turpentine,  so  that 
permanent  rupture  of  insulation  oould  not  occur. 

A  previous  speaker  has  spoken  of  the  difficulty  of  making 
oondensers  with  paper  soaked  in  oil,  and  these  early  experimenters 
likswise  found  the  same  difficulty,  and  knew  perfectly  well  that 
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Dr.  in  order  to  get  high  insulation  by  using  paper  or  cotton  satoiated 

with  oil,  it  was  necessary  to  first  carefully  dry  the  fibre.  It  is  not 
sufficient  merely  to  dry  it  at  a  low  temperature ;  it  must  be  dried 
in  a  high  temperature,  or,  better  still,  in  vacuum — ^the  object  being 
to  thoroughly  remove  the  moisture  from  the  tube,  or  fibre,  of  the 
material,  so  that  when  plunged  in  oil  it  becomes  a  thoroughly 
insulating  material.  One  query  suggested  itself  to  my  mind 
after  reading  the  paper — ^whether  we  have  really  got  to  the 
bottom  of  this  oil  insulation.  It  may  be  that  we  have  not  yet 
found  the  best  method  of  using  oils.  We  know  perfectly  well 
that  allays  have  much  higher  specific  resistance  than  pure 
metals.  Is  it  possible  that  it  is  so  with  oils  ?  May  you  not^ 
by  selecting  by  trial  certain  fluid  insulators  and  mixing  them 
together  on  some  such  similar  principle,  obtain  a  fluid  insulator 
having  a  much  higher  specific  resistance  than  any  pure  oils? 
Then,  in  using  such  a  method  of  insulating  transformers  or 
induction  coils,  it  seems  essential  that  the  cotton  covering  or  paper, 
as  the  material  wrapping  round  the  wire,  should  be  immersed 
in  a  tolerably  fluid  oil.  My  own  experiments  have  shown  me 
that  in  using  a  very  stiff  oil,  or  resinous  oil,  the  oil  does  not 
penetrate  into  the  paper.  The  best  way  is  to  use  a  fluid  oil,  care- 
fully desiccated  by  chemical  means,  and  afterwards  the  insulated 
coil  may  be  removed  with  advantage  into  a  heavier  oil.  In  that 
way  you  obtain  a  less  tendency  to  break  down  than  if  cotton  were 
immersed  in  thick  oil.  The  subject  is  by  no  means  exhausted, 
and  doubtless  the  paper  of  Professor  Hughes  will  stimulate  to 
further  research. 

Professor  Perrt  :  I  should  like  to  ask  Dr.  Fleming  if  he  is 
satisfied  that  M.  Jean  or  Poggendorff  did  not  merely  dip  their 
coil  in  oil  and  pull  it  out  again. 

Dr.  Fleming  :  Both  evidently  kept  it  in  the  oil.    Poggendorff 
expressly  says  so ;  so  also  does  Du  Moncel  in  describing  Jean's 
experiments. 
DSiovan.  Mr.  H.  C.  DoNOVAN :   It  was  Mr.  S.  E.  Phillips,  jun.,  who 

first  drew  his  attention  to  the  use  of  oil  as  an  insulator,  as  &r 
back  as  1873.  That  gentleman  intended  then  to  use  paraffin  oil 
as  a  means  of  insulating  the  surface  of  aerial  insulators  for  land 
lines ;  afterwards  resin  oil  was  used.  ^         . 
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I    call    to    memory  an    experimental    line    which    Messrs.  Mr. 

,  DonovML 

Johnson  &  Phillips  erected  at  their  works,  which  contained  as 
many  oil  insulators  as  would  be  used  in  6  miles  of  land  line, 
which  gave  an  insulation  resistance  equal  to  15,000  megohms  per 
niile. 

The  late  Mr.  Schwendler  used  these  oil  insulators  to  great 
advantage  in  some  districts  in  India.  Considering  the. difficulties 
experienced  in  England  in  maintaining  good  insulation  on  land 
lines,  it  would  be  interesting  to  hear  an  authoritative  statement 
as  to  how  fer  oil  insulators  were  used  by  the  Government. 

He  knew  no  one  who  had  experimented  more  with  oil  as  an 
insulator  than  his  friend  Mr.  Phillips,  who  had  obtained  the  most 
important  data  from  exhaustive  electrical  tests  of  almost  every 
description  of  oil  at  various  temperatures. 

Paraffin,  in  combination  with  other  oils,  might  be  used  to 
advantage  for  insulating  purposes. 

Mr.  H.  CuTHBERT  Hall  :  About  two  years  and  a  half  ago,  when  Mr.  Haii. 
the  late  David  Brooks  was  in  England,  I  had  the  opportunity  of 
making  some  rather  extensive  experiments  with  liquid  insulation, 
and  in  the  course  of  the  investigations  I  noticed  a  few  pecil- 
liarities  of  oil  as  an  insulator,  which  may  possibly  be  of  interest 
to  this  meeting.  One  of  the  most  striking  of  these  is  the 
extremely  large  temperature  coefficient  of  oil,  and  more 
particularly  of  resin  oil.  I  began  a  series  of  experiments  a 
short  time  ago  with  a  view  to  establish  the  temperature  co- 
efficient of  resin  oil  between  13**  and  24^  C,  but,  unfortunately, 
the  severing  of  my  connection  with  Messrs.  Johnson  &  Phillips, 
at  whose  works  I  was  carrying  on  the  experiments,  prevented  me 
from  completing  the  investigations.  I  may  say,  however,  that 
between  16^  and  18^  C,  with  a  mixture  of  half  resin,  and  half, 
what  is  known  commercially  as,  first-run  oil,  there  is  a  variation 
of  about  20  per  cent,  in  the  specific  resistance  of  the  oil.  For 
higher  temperatures  the  variation  is  more  marked.  I  would 
suggest  that  this  feature  of  resin  oil  becomes  a  very  important 
consideration  when  oil  is  used  for  insulating  transformers. 

There  is  a  sentence  in  Professor  Hughes's  paper,  page 
248,  to    which    I   should  like  to    call    attention.     He    says:  , 
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^^  The  insolation  of  this  form  of  cable  " — ^that  is,  a  cable  covered 
with  a  fibrous  substance — ^^  was  not  quite  as  high  as  solid  gutta- 
"  percha,  due  to  the  fibre  not  being  as  good  an  insulator  as  the 
"  enclosed  oil/'  This  is  contrary  to  my  experience  in  the  matter, 
as  I  have  found  that,  at  any  rate  as  regards  jute-covered  cable^ 
before  it  is  immersed  in  oil  it  is  considerably  higher  than 
afterwards.  I  should  like  to  hear  what  the  experience  of  other 
experimenters  has  been  on  this  point. 

With  regard  to  the  preparation  of  the  oil,  the  most  impor* 
tant  precaution  to  observe  is  that  the  oil  should  be  very  slowly 
raised  to  a  high  temperature.  This  drives  off  moisture,  and  the 
light  volatile  oils,  which  are  invariably  present  in  the  resin  oil  of 
commerce,  and  are  inferior  to  resin  oil  in  insulating  properties. 
I  think  the  great  discrepancy  of  results,  brought  out  in  the 
discussion,  may  possibly  be  due  to  the  &ct  of  the  oils  not  having 
been  carefully  freed  from  moisture  in  this  way. 

In  another  part  of  his  paper  Professor  Hughes  speaks  of  the 
desirability  of  using  a  light  oil  for  transformers,  or  condensers,  or 
coils  which  have  been  so  closely  wound  as  to  be  penetrated  with 
difficulty  by  thick  oil.  This  difficulty,  to  which  Dr.  Fleming  has 
also  referred,  may  of  course  be  entirely  overcome  by  heating  a 
thick  mixture  to  a  high  temperature,  and  then  pouring  it  on  the 
coil.  It  soaks  into  the  fibrous  covering  of  the  coils,  and  so  forms 
a  more  efficient  insulator  than  a  very  liquid  oil.  Another  speaker — 
Mr.  Otay,  I  think — ^has  referred  to  the  carbonising  of  resin  oil 
after  a  spark  has  passed  through  it.  In  experimenting  with  light 
paraffin  oil,  I  have  noticed  that  once  the  spark  is  established  the 
discharge  continues ;  but,  with  a  mixture  of  half  resin  and  half 
resin  oil,  I  have  found  that,  even  after  a  spark  has  once  passed 
between  the  terminals  immersed  in  the  liquids,  it  is  very  difficult 
to  maintain  a  continuous  discharge.  I  find  the  best  mixture, 
both  as  regards  specific  resistance,  and  resistance  to  disruptive 
discharge,  to  be  three  parts  of  solid  resin  and  one  part  of 
first-run  oil. 

The  President:  When  you  speak  of  the  temperature  co- 
efficient of  oil,  do  you  really  refer  to  the  specific  resistance — ^that 
is  to  say,  the  resistance  for  small  differences  of  potential— or  to 
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the  dielectric  3trength*-that  is,  the  resistance  te  cracking  under  The 
high  P.D.s — or  to  the  surface  insulation,  which  resists  creeping 
of  the  electricity  through  the  layer  of  dust  and  dirt  on  the 
Bor&ce? 

These  three  totally  different  kinds  of  resistance  have,  I  fear, 
been  rather  mixed  up  in  the  discussion  this  evening,  and  it  is 
very  important  to  distinguish  between  them.  For  example,  air 
has  a  very  high  specific  resistance,  but  not  much  dielectric 
strength ;  glass  has  a  large  dielectric  strength,  but  not  nearly  as 
high  a  specific  resistance  as  air ;  and  paraffin  wax  has  a  larger 
snr&oe  insulation  than  glass,  but  not  as  high  a  specific  resistance 
as  good  glass. 

Mr.  H.  GuTHBERT  Hall  :  Perhaps  I  shall  make  my  meaning  Mr.  Han. 
clearer  if  I  describe  the  way  in  which  my  tests  were  made.  I 
UBed  two  metal  plates,  kept  them  a  certain  distance  apart,  and 
immersed  them  completely  in  the  resin  oil,  the  surface  of  the  oil 
being  covered  with  paraffin  wax.  I  then  observed  the  specific 
resistance  of  the  oil  at  various  temperatures,  using  a  battery 
power  of  500  volts.  A  thermometer  was  immersed  in  the  oil,  and 
the  whole  arrangement  was  kept  at  an  equable  temperature  by 
surrounding  the  containing  vessel  with  water. 

Mr.  CriSBERT  Kapp:  I  can  bear  out  what  Dr.  Fleming  hasur.Kiipp 
said  about  the  necessity  of  getting  the  oil  into  the  fibres  covering 
the  wires.  Some  two  years  ago,  before  I  attempted  to  use  a 
Brooks  line  on  a  large  scale,  I  asked  Mr.  Phillips,  of  Messrs. 
Johnson  &  Phillips,  whether  he  would  demonstrate  to  me  that 
the  Brooks  line  was  absolutely  reliable,  and  I  would  not  be 
satisfied  with  anything  less  than  10,000  volts.  He  said  he  would 
do  it,  and  laid  down  a  line  to  show  that  it  was  absolutely  reliable 
at  that  pressure.  I  designed  some  transformers  to  raise  the 
pressure  of  an  ordinary  alternator  from  2,000  volts  up  to  10,000. 
When  the  experiment  was  ready  we  tried  it,  and  I  must  confess 
that  Mr.  Phillips's  line  behaved  much  better  than  my  transformer. 
The  first  thing  that  happened  was  that  the  transformer  broke 
down.  I  was  very  much  astonished,  because,  as  it  was  in  oil,  I 
thought  it  could  not  break  down.  It  had  only  been  running  two 
or  three  minutes  when  there  appeared  a  curious  red  globe  of  fire 
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Mr.Bjtpp.  in  the  oil,  then  there  was  a  puff  of  smoke,  and  the  fuse  in  the 
primary  went,  and  stopped  the  experiment.  I  took  the  trans- 
former out  of  the  oil  to  examine  it,  and  found  the  fine  wire  had 
short-circuited.  It  was  silk-covered  wire,  and  the  whole  thing 
was  immersed  in  oil,  but  it  was  quite  impossible  to  keep  it  in 
order.  As  soon  as  the  winding  was  repaired  it  broke  down  again 
after  a  few  minutes.  At  last,  after  many  trials  and  iiEulures,  I 
passed  the  fine  wire  through  boiling  paraffin  before  winding  it  on. 
This  impregnated  the  fibre  of  the  covering  with  paraffin,  and  after 
this  treatment  the  transformer  stood  the  test  perfectly.  The 
voltage  was  eventually  raised  to  17,000  volts,  and  the  apparatus 
kept  working  for  days  at  a  time  with  perfect  safety.  The  Brooks 
line  also  stood  this  test  without  any  sign  of  weakness,  and  having 
thus  satisfied  myself  of  its  reliability,  I  ventured  to  put  down  in 
some  of  my  work  Brooks  lines,  which,  I  am  happy  to  say,  have 
stood  perfectly  ever  since. 

Mr.  Trotter.  j^,  A.  P.  Trotter  :  I  would  draw  attention  to  a  question 
which  no  other  speaker  has  touched  on  as  yet  in  the  discussion. 
What  is  the  weak  point  of  oil  insulation  ?  Is  it  the  oil,  or  the 
solid  separator  which  is  used  to  keep  the  conductor  away  from  the 
tube  ?  Hemp  has  been  employed,  I  think,  in  the  Brooks  insulation. 
Mr.  Yarley  has  mentioned  paper,  which  broke  down  through  being 
hygroscopic.  I  think  Professor  Hughes  used  guttarpercha  pre-* 
ferably,  and  we  have  heard  also  that  jute,  cotton,  and  silk  have 
been  used.  We  have  had  very  little  information  yet  as  to  the 
real  resistance  of  the  oil,  and  I  understand  that  in  the  early 
Brooks  system  laid  down  between  Qapham  Junctign  and  VauxhaU 
the  insulation  was  rather  low ;  and  that  seems  to  be  due  rather  to 
the  jute  than  to  the  oil,  if  oil  is  such  a  good  insulator  as  we  have 
been  led  to  imagine. 

Twbof  Professor  Forbes  :  I  think  during  the  whole  of  this  discussion 

we  have  been  so  completely  taken  up  with  the  important  relative 
qualities  of  difierent  kinds  of  oil  as  an  insulator  that  we  have 
neglected  what  seems  to  me  to  be  one  of  the  most  important 
points  in  the  whole  of  Professor  Hughes's  paper,  viz.,  his  remarks 
about  the  action  of  oil  upon  gutta-percha.  In  the  early  days  of 
electric  lighting  we  were  inclined  to  try  guttarpercha,  which  had 
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been  sach  an  admirable  insulator  for  telegraph  cables.  I  think  ^^^"^ 
the  reason  that  gntta-percha  was  given  up  altogether  for  electric 
light  wires  was  probably  the  fEiilure  at  Paddington,  where  the 
exceeding  heat  melted  the  whole  of  the  wire  insulation  of  gutta- 
percha into  a  solid  mass ;  and  I  think  the  reason  why  it  was 
given  up  altogether  was  the  effect  that  heat  has  on  gutta*percha. 
Now  at  the  present  time  we  have  completely  changed  the 
conditions  of  electric  lighting,  and  we  never  have  our  wires  and 
conductors  at  such  high  temperatures  as  would  be  injurious  to 
gattar-percha,  and  it  is  well  worthy  of  consideration  whether 
gattarpercha  is  not  now  a  very  valuable  means  of  insulating  our 
cables.  These  considerations  have  been  floating  in  my  mind, 
and,  I  daresay,  in  those  of  others,  for  some  time  past,  but 
Professor  Hughes's  paper  brings  before  us  some  fetcts  which  add 
fur-  greater  weight  to  them.  That  is  to  say,  that  gutta-percha, 
-when  it  is  treated  in  a  suitable  manner,  is  improved  enormously 
in  its  insulating  and  mechanical  qualities.  Professor  Hughes 
points  out  how,  when  the  gutta-percha  has  had  the  moisture 
completely  driven  out  of  it  and  it  is  immersed  in  resin  oil,  the 
oil  is  taken  up  by  the  gutta-percha  and  prevents  the  admission 
of  moisture  afterwards,  which  would  be  injurious  to  its  insulating 
properties ;  and  he  showed  us  a  piece  of  such  a  cable  which  had 
thoroughly  absorbed  the  oil  and  had  remained  in  perfect  con- 
dition for  33  years,  and  to  everyone  who  handled  that  specimen 
I  am  sure  it  must  have  been  apparent  that  it  was  a  very  satis- 
fisustory  class  of  insulation  indeed.  I  only  wish  to  draw  your 
attention  to  these  points,  which  I  think  deserve  more  attention 
than  they  have  received  at  present,  and  which  I  think  will 
probably  lead  to  some  further  experiments  and  more  practical 
results  in  future. 

Mr.  E.  T.  Cakter  :  With  regard  to  the  diflSculty  in  getting  Mr.  carter. 
viscous  oils  into  the  inner  layers  of  a  finely  wound  coil,  it  occurs 
to  me  that  complete  impregnation  could  be  effected  by  subjecting 
the  oil  to  hydrauUc  pressure.  If  the  coil  were  placed  in  a  closed 
vessel  containing  the  heavy  oil,  the  oil  being  subjected  to  a  con- 
siderable pressure  for  a  short  time,  there  is  no  doubt  that  the  whole 
of  it  would  become  impregnated  with  oil.    A  few  alternations  of 
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Mr.  Carter,  prossure  wotdd  cissist  tbe  operation,  and  would  ensure  the  wetting 
of  the  whole  coil.  Mr.  Kapp  has  described  how  the  windings  of 
a  transformer  may  be  insulated,  the  wire  being  served  with 
.  paraffin  oil  before  winding  on.  This  method,  though  successfully 
insulating  the  coil,  seems  a  little  troublesome,  and  it  would 
probably  be  easier  to  wind  on  the  dry  wire  and  afterwards  to 
drive  in  the  heavy  oil  under  hydraulic  pressure.  This  is  more 
especially  the  case  since  we  have  been  told  that  the  par^iffin  oils 
will  not  mix  with  some  of  the  heavy  oils  used  for  this  purpose. 
There  would  be  little  or  no  capillary  force  to  induce  the  heavy 
oil  to  replace  or  mix  with  the  paraffin,  and  the  insulation  of  the 
inner  layers  would  be  entirely  due  to  the  serving  of  the  latt^  oil. 

Mr.  Prcece.  Mr.  Pbeecje  :  Mr.  Donovan  raised  the  question  just  now  as  to 
why  it  was  that  oil  had  not  been  used  in  this  country,  and  he 
appealed  to  some  Post  Office  official  present  to  report  to  the 
Institution  how  it  was  that  that  ill-used  Department  had  not  been 
occupying  itself  with  the  settlement  of  this  question.  Well,  Sir, 
we  are  accused  of  a  great  many  things :  we  do  not  deliver  every 
letter  that  is  sent ;  we  do  not  transmit  every  telegram  accurately. 
But  I  have  never  heard  before  that  the  Post  Office  has  not 
endeavoured  to  the  best  of  its  ability  to  look  into  the  merits  of 
every  invention,  of  every  application  of  electricity,  brought  before 
it.  The  use  of  oil  as  an  insulator  is  not  an  exception  to  this  rule. 
I  take  this  opportunity  of  correcting  my  friend  Mr.  Johnson's 
history  by  calling  to  his  mind  the  fact  that  one  of  the  first  lines 
put  up  with  oil  insulators  was  on  a  Post  Office  line  from  Padding- 
ton  to  Uxbridge,  along  the  canal.  It  was  so  long  ago  I  forget 
the  date,  but  I  believe  it  was  before  any  such  line  was  put  up  in 
India.  That  line  was  put  up  with  the  greatest  possible  care.  I 
walked  over  that  part  of  the  canal  myself  on  many  a  dirty  day. 
I  took  a  deep  personal  interest  in  oil  as  an  insulator,  and  regretted 
very  much  that  the  result  of  an  experiment  that  continued  cer- 
tainly over  two  years  was,  as  far  as  this  country  was  concerned,  a 
failure.  The  failure  arose  frt>m  the  existence  in  this  country  of 
three  abominable  enemies  to  telegraphy — ^rain,  wind,  and  insects. 
Now  the  first  effect  of  these  oil  insulators  on  this  Uxbridge  Canal 
line  was  to  find,  to  our  surprise,  that  after  not  a  very  long  time 
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the  rain  performed  the  part  of  the  cuckoo :  it  bowled  out  the  oil,  ^r.  Preeoe. 
and  instead  of  having  a  Uttle  cup  filled  with  oil  it  was  found 
filled  with  water,  and  the  oil  was  bespattered  upon  the  ground. 
That  arose  from  the  fact  that  the  first  oil  used  had  a  very  light 
specific  gravity — lighter  than  water.  But  doubtless  the  use  of 
heavy  oils  would  prevent  that  defect.  The  second  fiulure  arose 
from  the  presence  of  wind.  I  do  not  know  why  it  is  that  the 
wind  plays  such  pranks  in  the  way  it  does  in  this  country ;  it  is 
driven  in  every  direction,  and  it  sooner  or  later  inevitably  blows 
out  the  oil  in  these  cups.  Then,  again,  there  seems  to  be  a  kind 
of  affinity  between  spiders  and  oil,  for  a  remarkable  effect  of  the 
presence  of  this  oil  was  to  apparently  congregate  upon  these 
insulators  all  the  spiders  that  existed  in  the  United  Kingdom. 
It  was  found  after  a  short  time  that  the  spiders  cast  their  Webs 
and  bridged  across  the  cups  and  the  iron  stem  of  the  insulator. 
The  result  was,  the  insulators  soon  lost  their  insulation.  When 
I  tell  you  that  the  tests  made  were  conducted  by  one  of  our  most 
experienced  experimenters,  Mr.  H.  B.  Kempe,  you  will  know  that 
they  were  carried  out  with  great  rigour. 

We  were  the  first,  also,  to  use  oil  as  an  insulator  for  under- 
ground conductors.  No  more  genial  soul  ever  crossed  the 
Atlantic  than  Mr.  David  Brooks.  No  one  was  ever  more  practical 
and  honest  in  his  views ;  no  one  ever  succeeded  more  admirably 
In  impressing  those  about  him  with  the  merits  of  his  inventions. 
The  Post  Office  gave  Mr.  David  Brooks  a  good  solid  order,  which 
was  paid  for,  to  lay  down  between  Vauxhall  and  Clapham  Junction 
a  line  of  iron  pipes,  carrying  30  wires,  filled  with  oil.  In  answer  to 
Mr.  Trotter's  question,  in  this  particular  instance  I  think  I  am 
right  in  saying  the  first  portion  of  the  line  had  the  copper  served 
with  cotton,  but  the  other  part  of  the  line  was  served  with  hemp ; 
I  do  not  think  jute  was  used.  The  oil  that  was  first  used  was  a 
light  petroleum  oil  with  a  specific  gravity  much  less  than  that  of 
water,  and  the  pipes  themselves  were  not  very  well  made ;  the 
joints  were  not  good,  nor  were  the  pipes,  because  we  found 
afterwards  one  with  a  big  crack  in  it.  In  fact,  I  should  be  sorry 
to  tell  you  the  number  of  barrels  of  oil  used  between  Vauxhall 
and  Clapham  Junction.    However,  we  persisted  in  this  line :  we 
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Mr.  Preece.  removed  every  faulty  every  cracked  tube  was  replaced,  we  made 
every  joint  good ;  and  at  last,  when  we  found  that  water  did,  in 
spite  of  all  our  care,  enter  the  pipes  and  oust  the  oil,  we  had  firom 
America  some  heavy  oil,  sent  over  by  Mr.  David  Brooks ;  but, 
unfortunately,  the  oil  sent  over  was  so  heavy  that  that  we  put 
into  the  tank  at  Vauxhall  did  not  go  much  more  than  200  or 
300  feet,  and  eveA  after  some  months  did  not  find  its  way  to 
Glapham  Junction.  This  line  existed  for  eight  years.  It  would 
have  existed  now  if  the  South  Western  Bailway  had  not  widened 
their  line  from  Clapham  Junction  to  Waterloo.  Our  lines  were 
transferred  to  the  roads  and  this  line  disappeared.  However,  it 
existed  there  for  eight  years,  and  worked  well,  although  the  oil 
was  soaked  up  and  disappeared.  Evefy  one  of  those  30  wires  gave 
us  a  uniform  insulation  of  something  like  a  megohm  a  mile. 
Now  in  telegraphy,  if  we  can  only  secure  uniform  insulation  of  a 
megohm  a  mile  we  are  perfectly  happy.  But  when  we  deal  with 
open  aerial  lines,  whether  with  oil  or  ordinary  insulators,  we 
have  to  deal  with  a  variable  resistance,  which  sometimes  goes 
down  so  low  as  100,000  ohms,  and  sometimes  goes  up  so  high  as 
100,000  megohms  per  mile. 

Next  as  regards  oil  itself!  Now  I  think  we  must  draw  a 
distinction,  which  was  partially  drawn  by  Professor  Forbes,  between 
the  use  of  oil  for  cables,  for  underground  wires,  and  for  tran^ 
formers.  The  use  of  oQ  for  cables  is  essentially  and  especially 
Professor  Hughes's  invention,  and  the  general  use  of  oil,  spite 
of  what  has  been  said,  for  insulating  purposes  is  unquestion* 
ably  his  invention.  The  use  of  oil  for  submarine  cables  was 
brought  out  at  a  time  when  the  attention  of  all  of  us  was 
turned  to  the  failure  of  the  Atlantic  Cable.  There  was  a  reason 
in  those  days  why  oil  was  not  used,  and  that  was  simply  be- 
cause gutta-percha  was  then  in  its  prime;  they  found  it  as  a 
something  sent  down  from  heaven  for  the  special  use  of  telegraph 
engineers — something  that  met  all  our  wants.  It  was  cheap,  it 
was  good,  it  was  abundant.  There  was  no  competition.  «The 
result  was,  being  in  the  hands  of  one  firm,  and  one  firm  only, 
we  had  the  real  thing,  and  there  was  no  attempt  at  adulteration. 
I  am  sorry  to  say,  in  answer  to  Professor  Forbes,  since  those  days 
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the  pleasure  of  handling  real  gnita-percha  has  ceased.  InMr.  Preece. 
fi&ct,  I  may  tell  him — ^tell  you  all — I  believe  in  the  present 
day  gutta-percha,  as  gutta-percha,  does  not  ^st.  The  stuff 
sold  as  gutta-percha  is  no  more  gutta-percha  than  that 
table.  It  is  called  gutta-percha,  but  as  compared  with  the 
original  material  it  is  poor  indeed.  It  is  because  it  has  ceased 
to  be  gutta-percha  that  it  has  ceased  to  be  used  for  other 
purposes  than  for  cables.  It  does  not  seem  much  to  matter  what 
is  used  for  submarine  cables.  When  it  is  laid,  and  subject  to  the 
low  uniform  temperature  of  the  ocean,  it  remains  there  placid  and 
qmet,  and  whether  it  is  called  gutta-percha  or  anything  else  it 
seems  to  last  very  well  indeed.  But  this  morning  I  had  brought 
to  my  attention  a  specimen  of  material  that  was  called  gutta- 
percha that  was  used  in  covering  and  insulating  one  of  our 
submarine  cables.  It  had  fedled,  and  this  had  only  been  down  in 
the  water  some  three  or  four  years  when  it  was  brought  out,,  and 
it  happened  at  this  time  of  the  year  to  be  rather  cold  in  the 
water,  and  the  material  became  brittle,  and  as  it  came  over  the 
bow  sheave  it  cracked  in  every  direction  as  though  it  were  resin 
or  practically  friable  glass.  The  result  is,  we  do  now  look  with 
a  great  deal  of  suspicion  indeed  upon  any  of  these  cables  that 
are  called  gutta-percha  cables,  and  although  obliged  to  accept 
them  as  gutta-percha,  and  although  obliged  to  specify  them  as 
gutta-percha,  and  although  they  fulfil  all  the  requirements  and 
uses  of  gutta-percha,  still  I  am  afraid  we  must  arrive  at  the  con- 
clusion that  there  is  not  much  gutta-percha  in  them.  There  is 
a  great  deal  of  what  we  call  india-rubber  which  is  not  always 
indiarrubber.  It  is  a  well-known  fact  that  there  is  imported  into 
this  country  only  one-third  of  the  india-rubber  that  is  sold  in 
this  country  as  manufactured  india-rubber.  Where  does  this 
two-thirds  come  from  ?  The  poor  ignorant  consulting  engineer, 
whose  interests  are  his  employer's,  has  to  specify  and  draw  up 
specifications,  and  he  does  his  very  utmost  to  specify  the  pure  jam ; 
but  when  we  find  in  this  hall  that  contractors  themselves  enunciate 
the  principle  that  the  specification  of  a  consulting  engineer  is 
something  to  be  avoided,  I  do  not  think  you  can  feel  that  they 
ore  doing  very  wrong  in  doing  everything  to  the  best  of  their 
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Mr.  Preeoe.  ability  to  prevent  the  introduction  into  the  dectrical  industry  of 
what  is  absolutely  mere  mbbish. 

Swinburne  *^'  SwiNBURNE :  There  seems  to  be  an  impresflion  that  oil 
not  only  acts  as  a  good  insulation,  but  that  if  a  breakdown 
occurs  it  is  self-healing.  This  may  be  the  case  to  a  large 
extent  in  experiments  made  with  small  induction  coils  09 
Wimshurst  machines,  but  it  is  quite  another  matter  in  cables 
or  transformers  where  there  is  some  power  available.  If  an 
oil-insulated  transformer  goes  once  it  is  mined :  the  oil  is  carf- 
bonised  and  the  copper  fused,  and  the  destruction  is  as  great 
as  in  the  case  of  any  other  kind  of  insulation.  Experiments 
made  with  apparatus  with  no  available  power  are  most  deceptivB. 
Oil  itself  is  not  to  be  regarded  so  much  as  the  insulator,  bat 
as  a  means  of  keeping  cellulose  in  any  of  its  forms  dry.  Dry 
cotton,  for  instance,  is  avery  good  insulator,  but  if  left  expoecd 
to  the  air  it  absorbs  moisture  and  breaks  down.  Oil  is  therefore 
put  round  it  to  keep  it  from  getting  moist.  It  is  clear  that 
the  oil  will  increase  the  conductivity,  however  good  an  insulator 
it  may  be,  for  if  the  hemp  or  cotton  in  a  cable  has  a  oeortain 
conductivity  per  mile,  the  oil,  being  in  parallel  with  it,  increases 
the  conductivity.  Of  course,  as  oil  has  a  higher  disruptive  ok 
dielectric  strength  than  air,  the  addition  of  the  oil  will  make 
the  cable  stronger  with  reference  to  sparking  through  than 
before,  though  the  insulation  may  have  been  reduced  by  its 
addition. 

The  importance  of  keeping  the  fibre  dry  is  fully  appreciated 
by  the  leading  cable  companies  who  use  oiled  jute  or  hemp« 
As  soon  as  a  cable  is  cut  the  end  is  sealed,  or  the  joint  is 
made  at  once.  It  is  said  that  a  good  joint  cannot  be  made  on 
a  large  cable  during  foggy  weather,  for  the  serving  attracts 
moisture  so  quickly  that  the  cable  is  injured  in  the  neighbour* 
hood  of  the  joints. 
Mr.  Mr.  W.  C.  Johnson  :  The  only  trial  of  the  fluid  insulator  with 

Johnson. 

which  I  was  connected  was  at  Birmingham.  I  am  not  quite  sure 
whether  it  was  before  the  one  at  Uxbridge  Mr.  Preece  haa  spoken 
of.  At  Birmingham  about  2  miles  of  overhead  wire  on  the  fluid 
insulators  were  erected,  under  the  superintendence  of  Mr.  Cordeau^ 
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thB  Post  Office  official.  The  tests  were,  returned  to  us,  and  we  Mr. 
«ould  not  make  them  out,  or  how  it  was  they  were  so  exceedingly 
low,  I  went  down  with  my  partner,  and  very  early  in  the 
xnoxning  we  determined  to  walk  over  the  course.  We  had  not 
walked  'mor&  than  200  yards,  following  our  insulator^  when  we 
came  to  an  ordinary  shackle,  and  we  then  counted  six  or  seven 
rusty  old  Post  Office  pattern  shackles  introduced  into  the  circuit. 
Nor  was  that  all.  When  we  got  nearly  to  the  end  we  found  the 
leading  wire  from  our  insulators  descended  into  a  drain  or  tunnel, 
and  there  it  was  connected  to  about  a  quarter  of  a  mile  of  very 
old  guttar-percha  lead ! 

Mr.  Pb£EGE  :  It  was  because  the  experiment  at  Birmingham  Mr.  Precce. 
was  so  absolutely  unsatisfactory  that  we  put  up  the  long  length 
from  Paddington  to  Uxbridge, 

Professor  HuOHEB :  We  have  had  a  most  iaterestini;  discussion  Profenor 

.  Hughes. 

tMs  evening,  and  there  are  some  points  which  I  will  try  to 
answer  as  briefly  as  possible.  I  have  first  to  make  excuses  for  my 
paper,  as  most  of  the  experiments  were  originally  made  33  years 
ago,  and  many  of  the  speakers  are  more  up  to  date,  therefore, 
than  I  am  on  the  subject*  But  I  will  try  to  answer  some  of  them. 
I  think  Mr.  Swinton  said  there  was  a  great  difference  in  results 
obtained  by  himsel£  I  should  not  think  there  was  any  great 
difference  between  an  induction  coil  and  a  Wimshurst  machine. 
But  we  find  an  enormous  difference  in  different  samples  of  oils. 
We  tried  to  get  the  best  we  could,  and  rejected  a  great  many. 
As  regards  the  79  times  we  got,  it  was  by  an  impulsive  rush — a 
special  arrangement,  using  a  Leyden  jar  that  gave  the  highest 
oscillaiLon  possible.  I  think  Mr.  Wimshurst  will  bear  me  out  in 
that  respect.  Coming  to  Mr.  Johnson:  I  am  rather  sorry  to 
be  compelled  to  reply  to  his  remarks,  because  I  feel  a  kind  of 
regret  at  having  infiringed  upon  Mr.  Brooks,  although  it  was 
15  years  before  him*  I  felt  so  sorry  about  this  that  when  Mr. 
Bxooks  came  over  (he  was  such  a  genial  gentleman,  I  liked 
him  so  much)  that  I  never  told  him  I  had  taken  out  a  patent 
on  this  sol^ect ;  I  let  him  be  in  his  glory,  and  let  him  do  as 
he  liked.  In  fact,  I  should  never  have  spoken  of  it  had  not 
Mr.  Preeoe  mentioned  my  prior  cledms  in  his  last  paper.    I 
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^ror«HOT  felt  very  glad  that  Mr.  Brooks  was  going  to  test  it,  because  I 
coald  never  get  it  adopted,  and  I  was  very  desirous  of  knowing 
what  results  Mr.  Brooks  woold  obtain.  As  regards  Mr.  Johnson's 
remark,  that  I  never  mentioned  metallic  tubes :  Well,  I  suppose 
if  witnesses  were  needed,  I  could  find  witnesses  in  London  who 
saw  those  tubes  at  the  time. 

Mr.  Johnson  :  I  alluded  to  the  specification. 

Professor  Hughes  :  I  do  not  think  I  mentioned  the  outer  tube 
as  an  insulating  material.  I  said  gutta-percha  or  other  outer 
tube.  It  was  simply  a  medium  for  holding  the  oil.  As  regards  the 
Brooks  patent,  I  was  under  the  impression  that  Mr.  Brooks  had 
taken  out  a  fundamental  patent  for  oil  as  an  insulation  in  a  tube. 
That  was  absolutely  the  essential  that  I  patented.  But  in 
looking  at  Brooks's  patent  I  find  that  he  did  patent  that  at  first, 
but  immediately  afterwards  there  was  a  disclaimer.  He  dis- 
claim^ ;  in  his  disclaimer  he  said  he  was  aware  there  had  been 
previous  patents  for  oil  insulators  (he  does  not  mention  my  name, 
but  he  must  have  read  up  my  patent).  He  makes  two  new  claims 
—one  for  heating  the  oil  before  it  is  poured  into  the  tube,  and  the 
second  for  stand-pipes.  I  believe  those  are  the  two  main  points, 
and  upon  those  he  rests  his  claim.  That  is,  he  has  made  an 
improvement  on  the  old  oil  insulation.  Therefore  Mr.  Brooks 
,  does  not  claim  the  fundamental  principle  at  all.  Mr.  Gray,  I 
think,  doubted  also  that  I  had  obtained  79  times  difference 
between  the  sparking  distance  of  oil  compared  with  air ;  but,  as 
I  have  already  said,  this  result  was  only  obtained  by  using  the 
best  oil  we  could  find,  and  also  by  using  a  highly  oscillatory  spark. 
Mr.  Sogers  offers  to  give  me  some  Russian  oil.  I  should  like 
very  much  to  test  this  Bussian  oil,  but  I  may  say  that  I  quite 
agree  with  Mr.  Preece.  I  wanted,  of  course,  to  get  resin  oil.  I 
at  once  tested  it  with  my  old  Peltier  electrometer,  and  I  am 
sorry  to  say  I  could  not  find  the  same  qualities  I  used  to.  I  had 
some  30  or  40  specimens,  and  some  were  almost  as  bad  as  water ; 
in  £Gtct,  I  have  not  yet  got  up  to  my  old  standard.  It  is  a  question 
of  manufacture.  I  do  not  know  what  is  the  cause  at  present.  It 
required  time  to  find  out  the  right  quality  even  years  ago. 
Therefore  I  could  not  say  resin  oil  resembles  at  all  what  we  used 
to  have.    It  is  like  Mr.  Preece's  gutta-peroha. 
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Mr.  Johnson  :  I  can  folly  endorse  that. 

Professor  Hughes  :  Mr.  Varley  made  some  interesting  experi-  prof< 
ments  on  condensers.  He  seems  to  have  been  puzzled  by  the  ^  "' 
different  samples  of  oils,  as  I  am.  They  overlap  one  another,  so 
that  you  get  one  that  is  perfect,  and  the  other  bad.  Thirty-three 
years  ago  linseed  oil  and  castor  oil  were  the  very  worst  oils  I 
could  try.  Now  they  turn  out  to  be  the  best.  Perhaps  they 
remain  constant,  whilst  the  others  have  deteriorated  in  the  mode 
of  manufiicture.  You  must  not  take  the  oil  and  use  it,  but  test 
it.  Take  the  best  oil,  and  take  the  very  best  insulating  oil  you 
can.  Mr.  Hall  says  jute  covering  is  better  before  than  after 
putting  in  the  oil.  Well,  that  is  quite  true  if  you  pour  in  bad  oil; 
there  is  not  the  slightest  doubt  about  it.  If  you  poured  in  water 
it  would  be  still  worse.  If  your  resin  oil  was  higher  than  jute  it 
ought  to  have  improved  it ;  if  worse,  of  course  it  made  it  worse. 
Mr.  Trotter  wants  to  know  which  is  best — ^fibre,  jute,  or  gutta- 
percha covered  wire.  I  can  only  speak  from  past  experience :  I 
never  found  any  fibre  that  could  equal  gutta-percha.  I  have  found 
the  highest  insidation  obtained  by  using  guttap-percha-covered 
wire.  I  believe  with  fibre  some  portions  are  conducting  and  some 
portions  are  not,  and  it  is  very  difficult — it  requires  a  great  deal 
of  selection.  Professor  Forbes  thinks  that  gutta-percha  could  be 
greatly  improved  if  we  ooidd  use  oil  surrounding  it.  I  think  so 
myself  and  I  pointed  out  the  fact  to  the  gutta-percha  manufac- 
turers, and  suggested  that  they  should,  if  possible,  introduce 
oil  in  their  manufacture  of  it,  as  it  would  be  a  very  good 
thing,  because  there  is  certainly  a  great  deal  of  moisture  in 
gutta-percha,  and  if  manu&cturers  would  take  it  and  dry  it 
thoroughly  it  might  be  a  &r  better  insulator.  Mr.  Wimshurst 
showed  me  some  samples  of  gutta-percha  wire  which  he  uses 
with  his  electric  machines  with  ordinary  common  gutta  covering, 
but  kept  long  in  stock  so  as  to  be  thoroughly  dried.  This 
old  gutta-percha  he  finds  very  superior.  It  is  a  question  of 
manu&cture.  I  do  not  know  whether  they  can  mix  ^il  in 
Daanufacture  or  not,  but  if  they  could  it  would  certainly  improve 
it.  Mr.  Swinburne  says  it  will  not  heal  or  restore.  That  is 
one  of  the  very  things  everyone  is  using  it  for,  in   Frankfort 
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profetBor  and  elsewhere,  and  Mr.  Tesla  said  his  coils  were  probably  pierced 
many  times  a  day. 

Mr.  SwiNBUBNE :  Mr.  Tesla  had  no  power  behind  it.  With 
small  sparks  it  will  heal,  but  not  an  ordinary  transformer. 
With  snch  a  small  quantity  to  go  through  it  does  not  disturb 
the  thing. 

Prof.  HuQHES:  That  is  one  of  its  merits.  I  believe  it  does 
restore  itself,  notwithstanding  Mr.  Swinburne.  It  heals  in  every 
case  I  have  tried.  It  is  very  simple  to  say  it  will  not  do  it^ 
but  I  do  not  believe  that  it  can  fail  to  restore.  Mr.  Johnson 
replied  to  Mr.  Preece,  and  Mr.  Preece  repli^  to  Mr.  JohnsoB, 
and  the  discussion  went  off  a  good  deal  at  that  moment.  At 
any  rate,  I  have  to  thank  you  all  very  much  for  your  kindness 
in  listening  to  my  reply  to  the  discussion. 

The  President  declared  the  result  of  the  ballot,  the  following 
candidates  being  elected : — 

Foreign  Member  : 
Louis  Croichot. 

Members: 
Bobert  Hope-Jones.  |      John  Shaw. 


John  Archbutt. 
James  A.  Brown. 
Edward  Charles  Daubeny. 
Albert  Maitland  Dempster 
Herbert  Willoughby  Ellis. 


Aaaoda^: 

Arthur  Hobart-Hampden. 
Samuel  Heap. 
Arthur  Hutohins. 
Alfred  Leopold  de  Lattre. 
A.  H.  Wood. 


Students: 

Walter  Ernest  Fowler.  I  Granville  Garew  Knight. 

William  Jas.  Payne  Howard.   |  Ernest  Francis  Tallents. 

The  meeting  then  adjourned. 


Digitized  by  LjOOQ IC 


1692.]       LOAD  DIAGBAMS  OF  ELECTEIC  TBAMWAYS,  Etc.  298 


The  Two  Hundred  and  Thirty-fifth  Ordinary  Greneral  Meeting  of 
the  Institution  was  held  at  the  Institution  of  Civil  Engineers, 
on  Thursday  evening,  March  24th,  1892 — ^Professor  W.  E. 
Ayrton,  F.R.S.,  President,  in  the  Chair. 

The  minutes  of  the  Ordinary  Greneral  Meeting  held  on  March 
17th  were  read  and  approved. 

The  names  of  new  candidates  for  election  into  the  Institution 
were  announced  and  ordered  to  be  suspended. 

Messrs.  C.  H.  W.  Biggs  and  Gr.  Binswanger  were  appointed 
scrutineers  of  the  ballot  for  new  members. 

The  following  -paper  was  then  read : — 

LOAD  DIAGRAMS  OF  ELECTRIC  TRAMWAYS,  AND  THE 
COST  OF  ELECTRIC  TRACTION. 

By  A.  Reckenzaun,  Member. 

In  the  present  paper  I  propose  to  draw  attention  to  two 
important  branches  of  this  rapidly  growing  subject,  ^<  electric 
<^  traction."  These  branches  relate  to  the  energy  consumed  in 
propelling  electric  cars,  and  the  commercial  results  of  several 
tramways  in  different  parts  of  the  world. 

Of  the  errors  into  which  the  pioneers  in  electric  traction  fell, 
none  was  more  serious,  and  I  may  say  more  general,  than  that  of 
providing  insufficient  motive  power.  The  early  motors  were 
all  too  small,  too  lightly  built,  and  consequently  were  not 
durable.  In  spur  gearing,  the  double-reduction  gear  has 
been  abandoned  by  the  principal  American  firms  on  account 
of  its  great  cost  of  maintenance ;  the  high  speed  at  which  the 
motor  pinion  had  to  run  was  detrimental  to  the  life  of  the 
mechanism.  A  reaction  has  set  in,  and  attempts  are  being  made 
to  drive  cars  by  placing  the  armatures  directly  upon  the  axle.    It 
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is  questionable  whether  this  method  will  prove  snccessfol  in  the 
long  run.  But  the  single-reduction  gear — ^that  is  to  say,  one 
pinion  and  one  spur  wheel  running  at  moderate  speeds — appears  to 
give  excellent  results,  and  the  repair  bills  have  been  largely 
reduced  in  consequence. 

If  we  calculate  from  the  accepted  coefficients  of  resistance  to 
traction  on  common  tram  rails,  we  find  that  an  ordinary  tram-car 
will  require  but  3  to  4  H.P.  for  its  propulsion  wh^  once  in  motion. 
But  it  is  the  setting  of  a  vehicle  in  motion  firom  a  state  of  rest 
which  demands  the  greatest  amount  of  energy,  and  the  electric 
motors  which  were  built  in  the  early  days  were  soon  knocked  to 
pieces  by  the  enormous  strain  put  upon  them  on  starting.  On 
English  tramways,  it  has  been  computed,  a  tram-car  has  to  stop 
from  four  to  eight  times  every  mile,  according  to  the  amount  of 
passenger  traffic.  With  a  view  of  ascertaining  the  exact  conditions 
as  to  the  variations  in  the  power  consumed  on  an  electric  car,  I 
made  a  series  of  tests  four  years  ago  with  an  electric  car  in  the 
public  streets  of  Philadelphia.  Fig.  1  represents  a  portion  of  a 
diagram  obtained  fix>m  careful  readings  with  reliable  instruments. 
The  whole  trip  lasted  71  minutes,  but  the  diagram  (Fig.  1) 
represents  only  the  first  19  minutes.  Readings  were  taken  and 
recorded  every  three  seconds.  The  maximum  current,  it  will  be 
observed,  reached  at  times  120  amperes.  This  occurred  when 
starting  on  curves  and  gradients.  Frequently  it  dropped  to  zero, 
and,  in  fact,  these  gaps,  representing  periods  when  no  current  was 
used,  gave,  on.  being  added  up,  45  per  cent,  of  the  total.  The 
car  contained  84  storage  cells  weighing  3,400  lbs.,  and  it  carried 
an  average  of  26  passengers.  The  aggregate  weight  propelled  was 
7  tons.  The  distance  covered  during  the  entire  journey  was 
7  miles,  giving  a  mean  speed  of  only  6  miles  per  hour,  and 
this  had  to  be  maintained  on  account  of  the  horse  cars  which  ran 
on  the  same  line.  Averaging  the  current  consumed,  we  find  it  to 
be  31  amperes.  The  maximum  E.M.F.  was  160  volts,  and  the 
mean  157  volts,  giving  an  average  of  6*52  electrical  HJ. 
used  by  the  car  motor.  The  maximum  current  of  120  amperes 
into  the  minimum  E.M.F.  of  140  volts  would  give  22*5  electrical 
H.P.,  but  this  occurred  only  nine  times  during  the  journey,  and 
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each  time  but  for  a  second  or  two.     Currents  of  from  60  to  100 
amperes  were  recorded  more  frequently. 

The  next  three  diagrams  are  exceedingly  interesting,  as  they 
represent  the  working  of  three  different  systems  of  electric  cars 
on  an  overhead  conductor  line  at  Des  Moines,  U.S.A.  These  tests 
were  made  on  the  same  day,  over  the  same  length  of  track,  with 
the  same  number  of  passengers  carried,  and  the  same  kind  of  car 
IxxJy.  The  cars  were  operated  by  the  same  man,  and  the  readings 
were  taken  by  officials  of  the  tramway  company. 

Fig.  2  was  obtained  from  the  car  fitted  with  two  15-H.P, 
Thomson-Houston  motors.  The  maximum  current  at  any  time 
was  75  amperes,  the  mean  22*4,  dropping  at  times  to  zero,  while 
the  E.M.F.  varied  between  360  and  520  volts  on  a  run  of  20 
miles. 

Fig.  3  gives  the  curves  from  observations  on  a  car  propelled 
over  the  same  distance  by  means  of  two  15-H.P.  Sprague  motors. 
Here  again  we  observe  a  maximum  current  of  75  amperes,  average 
25-95  amperes,  with  E.M.F.'8  varying  from  320  to  560  volts  at 
the  motor  terminals. 

Tests  represented  by  Fig.  4  gave  the  following  results  with 
two  15-H.P.  Westinghouse  motors: — ^Maximum  current,  95 
amperes ;  mean,  31*3  amperes ;  maximum  E.M.F.,  560 ;  minimum, 
380. 

I  could  give  more  diagrams  of  a  similar  kind,  but  these  will 
suffice  for  the  purpose  of  showing  the  enormous  and  remark- 
ably  frequent  fluctuations  of  current,  and  the  attendant  rise  and 
fietU  of  the  energy  consumed.  With  several  such  cars  running 
on  a  line  with  overhead  or  other  conducting  medium  for  the 
transmission  of  electricity  from  the  generating  station  to  the 
moving  cars,  the  peaks  would  occur  at  more  frequent  intervals, 
filling  the  great  gaps  in  proportion  to  the  number  of  cars  running 
simultaneously.  Little  reliance,  however,  should  be  placed  upon 
the  possibility  of  obtaining  even  a  moderately  constant  load  at 
the  generating  station.  From  numerous  experiments,  I  have 
found  that  it  takes  about  20  seconds  to  bring  a  tram-car  from  rest 
to  its  normal  speed ;  during  this  period  the  current  drops 
gradually  from  its  maximum,  due  to  the  ohmic  resistance  of  the 
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circuit,  to  a  value  corresponding  with  the  load  upon  the  car 
motor  at  its  normal  speed.  The  stoppages  on  tram  lines  with 
much  traffic  are  so  numerous  that  it  will  often  happen  that  a 
large  percentage  of  the  cars  start  simultaneously,  when  for  a 
moment  the  engines  and  dynamos  have  to  exert  their  utmost 
power,  and  before  the  engine  governor  has  time  to  act,  the 
current  may  be  down  again  at,  or  below,  its  normal. 

I  am  indebted  to  Mr.  Gibson  Carey,  of  the  Thomson-Houston 
Company,  for  the  diagram  (Fig.  5)  which  represents  the  fluctua- 
tions of  the  load  at  the  generating  station  of  the  Roundhay 
Electric  Tramway  at  Leeds.  Five  cars  were  simultaneously  on 
the  line,  yet  the  current  dropped  to  zero  20  times  within  the 
space  of  one  hour.  These  abrupt  changes  have  the  efifect  of 
reducing  the  average  efficiency  *  of  the  whole  system  to  a 
comparatively  low  figure.  The  engine  and  dynamo  must  be  able 
to  furnish  the  maximum  energy  demanded  at  any  instant,  whilst 
the  mean  power  in  many  cases  scarcely  comes  to  one-third  of  the 
maximum.  Measurements  made  by  Dr.  Louis  Bell  on  several 
American  electric  tramways  have  shown  that  the  efficiency  of  an 
entire  system,  taking  the  brake  horse-power  of  the  car  motors, 
divided  by  the  indicated  horse-power  of  the  engine  at  the 
generating  station,  amounts  in  some  cases  to  only  25  per  cent., 
and  that  in  no  case  does  it  reach  over  40  per  cent,  in  everyday 
practice  on  a  tram  line.  With  electric  railways  having  fixed 
stopping  places  at  long  intervals,  with  th6  time-tables  so  arranged 
that  only  on  rare  occasions  several  trains  start  simultaneously, 
a  higher  efficiency  may  be  aimed  at. 

Electric  light  engineers  will  look  with  amazement,  and  perhaps 
envy,  upon  the  variations  in  the  voltage  marked  on  Figs.  2,  3, 
and  4.  But  these  are  exceptionally  great  fluctuations,  and  there 
are  many  electric  tramways  where  the  volts  do  not  vary  more 
than  15  i)er  cent.  A  sudden  call  for  large  currents  always  lowers 
the  potential,  and  this  is  partly  due  to  the  feeders  being 
proportioned  to  the  average  output,  and  partly  to  the  momentary 
slowing  down  of  the  engine.  When  the  governor  begins  to  act, 
the  excess  load  has  very  often  already  disappeared,  and  then  there 
is  a  tendency  to  racing  for  the  next  moment,  and  a  simultaneous 
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riae  of  E.1VLF.  above  the  normal.  At  the  City  and  South  London. 
Electric  Bailway,  which  is  only  S^  miles  in  length,  the  deflections 
on  the  voltmeter  vary  between  370  and  500,  notwithstanding 
compound-wonnd  generators,  and  a  regular  schedule  time  of 
rnnning  the  trains.  Several  years  ago  I  suggested  a  remedy  for 
equalising  to  some  extent  the  load  upon  the  generating  plant 
of  an  electric  tramway  with  overhead  conductors,  but  my  sugges- 
tion has  not  been  adopted.  I  advised  the  use  of  secondary 
batteries  to  act  as  regulators — ^not  batteries  of  large  capacity,  but 
such  as  would  give  a  very  high  discharge  rate.  Plain  lead  plates 
of  very  large  surface,  formed  on  the  Plants  or  any  similar  process, 
would  certainly  add  to  the  smooth  working  of  any  railway  or 
tramway  where  great  fluctuations  of  load  are  unavoidable,  and 
compound  winding  insufficient.  An  accumulator  of  this  descrip- 
tion could  be  made  very  cheaply,  and  by  allowing  sufficient 
material  it  can  be  of  any  durability  desir^.  The  diagrams  show 
that  the  large  excess  of  current  is  only  required  for  a  few  seconds 
at  a  time^  therefore  a  storage  battery  of  large  surface  would 
furnish  this  in  a  &r  more  rational  way  than  the  best  designed 
dynamo  worked  by  the  most  delicately  goverped  steam  engine. 
It  would  save  engine  power,  and  reduce  the  chances  of  breakdowns 
due  to  sudden  shocks  to  the  generating  plant. 

Again  reverting  to  our  diagrams,  which  to  the  practised  eye 
reveal  a  number  of  interesting  points,  we  find  that  on  starting 
a  single  car,  from  20  to  50  electrical  H.If.  are  absorbed, 
and  this  occurs  just  when  the  motor  is  giving  a  comparatively 
small  mechanical  power  at  its  Tnim'muTn  efficiency;  this  energy 
is  absorbed  in  producing  the  initial  statical  pull  which  must 
be  careated  by  many  ampere-turns.  Now,  in  order  to  get  many 
ampere-turns  without  excessive  currents,  I  designed,  some  eight 
years  ago,  a  switch  which  throws  the  motors  in  series  when 
starting,  and  in  parallel  (when  two  or  more  motors  are  used) 
when  a  sufficient  counter  E.M.F.  is  created  by  virtue  of  a  certain 
speed.  I  also  subdivided  the  field-magnet  coils,  in  order  to 
obtain  several  graduations  and  regulate  the  fields  to  the  require- 
ments of  the  load  and  speed.  Up  to  that  time  electric  engineers 
used  idle  resistances  for  varying  the  speed  and  power.    Mr. 
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Sprague  and  others  have  adopted  a  similar  method  of  regulation. 
The  Thomson-Houston  Company  use  resistance  coils  up  to  a 
certain  point,  after  which  portions  of  the  divided  field  coils  are 
thrown  out  of  circuit.  By  a  judicious  arrangement  of  field 
windings  to  suit  the  exigencies  of  a  given  road,  a  very  fair 
all-round  motor  efficiency  can  be  obtained. 

The  battery  car  from  which  diagram  Fig.  1  was  obtained, 
required  for  its  propulsion  1'086  electrical  H.P.  hours  per 
mile  run,  with  an  average  load  of  7  tons  over  a  line  having  no 
gradient  above  4  per  cent.  The  figures  obtained  by  Mr.  O.  T. 
Crosby  on  three  American  lines  with  overhead  conductors  accord 
with  the  above  very  closely.  Thus,  on  the  Bichmond  line  the 
readings  were  1'18  H.P.  hours  per  car  mile,  at  Cleveland 
0*9,  and  at  Scranton  0-94  H.P.  hours.  These  cars  were 
very  much  lighter  than  the  one  driven  by  accumulators,  but 
there  is  a  gradient  of  9  per  cent,  at  Richmond,  and  one  of  7  per 
cent,  at  Scranton,  while  the  Cleveland  line  is  tolerably  level; 
the  speeds  at  Cleveland  averaged  9  miles  per  hour,  and  at  the 
other  two  lines  6  miles  per  hour.  The  coal  consumption  measiured 
at  the  generating  stations  came  out  as  follows : — For  the  Cleveland 
line,  8  lbs.  per  car  mile ;  and  at  Scranton,  5*6  lbs. ;  that  of  Rich- 
mond could  not  be  ascertained,  as  the  same  boilers  were  used 
for  both  the  tram  line  and  the  electric  lighting  plant. 

On  the  Frankfort-Oflfenbach  Tramway,  and  on  the  Modling 
line,  near  Vienna,  both  built  by  Messrs.  Siemens  &  Halske,  the 
coal  consumption  varies  between  7  and  8  lbs.  -per  car  mile. 
Unfortunately,  I  have  not  been  able  to  ascertain  the  evaporative 
quality  of  the  coals  used  in  these  places. 

Mr.  J.  S.  Badger,  in  a  highly  interesting  recent  communica- 
tion, relates  that  the  very  best  station  performance  he  met 
with  in  the  United  States  was  1  electrical  H.P.  for  5  lbs. 
of  slack  coal  evaporating  7^  lbs.  of  water.  Writing  on  the 
consumption  of  fuel  in  general  on  a  number  of  American  tram 
lines,  he  found  that  it  varied  between  4*3  lbs.  to  12*2  lbs.  per  car 
mile,  according  to  the  quality  of  fuel  and  the  nature  of  the  road 
and  load.  Many  of  the  American  tramways  have  recently  adopted 
large  cars  up  to  25   feet  in  length  inside,  whereas  the  usual 
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standard  type  of  car  is  only  16  feet,  carrying  a  proportionately 
smaller  number  of  passengers,  although  I  have  frequently  seen 
70  passengers  occupying  a  16-foot  car  intended  to  seat  22  people. 
Overcrowding  is  not  allowed  on  English  tramways. 

I  have  collected  a  very  large  amount  of  material  with  regard 
to  the  all-important  question  of  operating  expense,  and  I  am 
greatly  indebted  for  information  given  by  Mr.  Alexander  Siemens, 
Dr.  R  Hopkinson,  Mr.  Holroyd  Smith,  the  Allgemeine  Elek- 
tricitats-Gesellschaft,  Mr.  J.  S.  Badger,  and  Mr.  Robert  W. 
Blackwell. 

Full  tabulated  statements  are  appended:  to  read  the  same 
¥ould  occupy  more  time  than  is  at  our  disposal ;  moreover,  it  would 
add  to  the  monotony  of  an  already  very  dry  paper*  With  your 
permission,  I  will  only  make  such  observations  regarding  each  table 
as  may  render  some  assistance  to  the  study  of  them. 

Due  regard  should  be  taken,  in  each  of  the  lines,  to  local  con- 
ditions. In  Germany,  for  instance,  the  wages,  which  form  the 
prineipal  item  in  the  operating  costs,  are  about  one-half  those 
paid  in  the  United  States.  Wages  and  salaries  in  England  take 
an  intermediate  position.  Again,  the  cost  of  fuel  varies  in 
ahnost  every  city  in  the  world. 

One  of  the  oldest  electric  tramways  in  the  world  is  that  of 
Frankfort  and  Offenbach,  in  Germany.  It  was  built  by  Messrs. 
Siemens  &  Halske,  and  opened  to  the  public  in  April,  1884. 
Table  I.  shows  the  detailed  working  expenses  for  the  year  1890, 
ginng  the  sum  of  4*608  pence  per  car  mile,  including  all  charges. 
The  first  financial  year — 1884-85 — gave  a  much  higher  figure, 
namely,  8*256  pence  per  car  mile ;  and  it  is  interesting  to  note 
that  the  working  expenses  were  reduced  year  after  year :  this 
was  largely  due  to  improved  appliances  and  the  consequent 
redaction  in  the  maintenance  items,  as  well  as  in  wages.  The 
expenses  of  the  other  tramways  in  the  city  of  Frankfort  (which 
are  worked  with  horses)  for  the  year  1890  amounted  to  9*022 
pence  per  car  mile,  or  nearly  double  that  of  the  electric  line.  The 
slotted-tube  overhead-conductor  system  is  used  here,  and  the 
entire  rolling  stock  consists  of  only  14  cars — 10  of  which  are  fitted 
with  electric  motors,  serving  as  tow  cars — holding  24  passengers 
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each.  About  1,050,000  passengers  are  carried  per  annum ;  this  is 
considered  a  very. low  figure,  and  is  partly  due  to  the  competition 
of  a  local  railway.  In  consequence  of  this  small  traffic,  the  ratio 
between  expenditure  and  revenue  is  as  high  as  70  per  cent.,  not> 
withstanding  the  moderate  traction  costs. 

A  more  recent  and  equally  interesting  example  of  electric 
tramway  enterprise  in  Germany  is  that  of  the  city  of  Halle.  The 
cars  on  this  line  were  ori^nally  drawn  by  horses,  but  a 
year  ago  the  municipal  authorities  gave  permission  to  the 
Allgemeine  Elektricitats  Gesellschaft  to  erect  overhead  conductors 
on  the  plan  adopted  by  Mr.  Spra^e  in  America.  I  am  indebted 
to  Mr.  Emil  Bathenau  for  a  detailed  statement  of  working 
expenses  ranging  over  six  months — ^from  the  1st  of  July  until  the 
end  of  December,  1891.  Table  II.  gives  the  averages  per  month 
and  per  car  mile.  The  general  expenses  include  taxes,  municipal 
charges,  and  water  rates.  The  water  is  obtained  from  the  town 
supply,  the  sinking  of  a  well  having  been  found  impracticable. 
The  rolUng  stock  consists  of  25  cars ;  the  average  number  actually 
running  was  20*55.  They  carry  drivers,  but  no  conductors,  and 
this  &ct  renders  the  wages  account  remarkably  low,  the  entire 
working  expenses  coming  to  only  2*624  pence  per  car  mile, 
or  54*5  per  cent,  of  the  gross  revenue.  It  must  be  observed, 
however,  that  no  allowance  has  been  made  for  depreciation,  which, 
if  included,  would  add  nearly  another  penny  per  car  mile  to  the 
expenses  account.  Incidentally  it  may  here  be  mentioned  that 
the  Imperial  German  Government  stopped  the  running  qjT  the 
electric  cars  immediately  after  the  opening  ceremony  because  they 
interfered  with  the  proper  working  of  the  telegraphs  and  tele- 
phones. The  case  came  before  the  law  courts,  when  the  judges 
decided  in  favour  of  the  tramway  company,  stating  at  the  same 
time  that  the  streets  of  a  city  were  intended  for  general  traffic, 
that  their  course  could  not  be  altered,  but  that  the  postal 
authorities  could  easily  arrange  the  telegraph  and  telephone 
wires  so  that  they  shoidd  not  be  influenced  by  the  electric  lines^ 
which  use  the  rails  and  ecurth  for  the  return  circuit.  The  altera- 
tions were  made,  and  the  tramway  has  had  a  good  time  ever  sinoe. 

The  most  remarkable  of  European  electric  tramways  is  that  of 
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Budapest,  which  was  constructed  by  Messrs.  Siemens  &  Halske, 
of  Berlin.  A  few  months  ago  I  visited  the  Hungarian  capital, 
and  I  was  delighted  with  the  perfect  working  of  the  electric  cars. 
Underground  conductors  are  used  in  this  case,  and  the  conduit 
is  immediately  underneath  one  of  the  tram  rails,  so  that  there 
is  no  additional  slot  in  the  roadway.  About  50  electric  cars  are 
now  in  operation  over  20  miles  of  track.  The  system  is  exceed- 
ingly popular,  and  it  carries  a  larger  number  of  passengers  per 
mile  than  the  horse  tramways.  This  is  probably  due  to  the 
greater  speed,  the  electric  cars  being  allowed  to  run  11  miles 
per  hour  in  some  of  the  streets.  I  have  not  been  able  to  obtain 
detailed  working  expenses,  but  I  have  been  informed  that  the 
same  never  exceeded  50  per  cent,  of  the  revenue  since  the 
opening  of  the  line  two  years  ago.  The  ratio  of  working 
expenses  and  revenue  on  the  horse-car  lines  at  Budapest  is 
72  per  cent. 

Another  among  the  numerous  Continental  electric  tramways 
18  that  running  between  Morenee  and  Fiesole,  a  distance  of 
4*5  miles,  which  was  the  first  continuous  steep-grade  electric 
line  in  Europe.  The  Sprague  system  is  used  in  this  case. 
Table  IV.  is  prepared  from  data  contained  in  a  recent  paper  by 
Mr.  C.  P.  Sheibner,  of  the  Institution  of  Civil  Engineers.  The 
author  of  this  interesting  paper  gives,  under  the  heading,  ^^  Motive 
•*  Power,"  the  sum  of  the  expenses  arising  through  wages  at  the 
generating  station,  wages  of  car  drivers,  fuel,  water,  repairs,  &c. 
These  I  have  divided  in  my  table  in  order  to  facilitate  references 
with  data  obtained  from  other  lines.  It  would  be  an  excellent 
thing  if  all  the  electric  trramways  would  keep  a  uniform  record 
of  all  the  details  of  working  expenses,  in  the  manner  done  by 
the  existing  horse  tramways  under  the  Board  of  Trade  rules. 

Coming  now  to  electric  traction  enterprises  in  the  United 
Kingdom,  we  find  in  Table  III.,  referring  to  the  Blackpool  Tram- 
way, that  the  gross  expenses  amounted  last  year  to  9*91  pence 
per  car  mile,  or  57*8  per  cent,  of  the  gross  receipts.  This  is  a 
most  satisfectory  result,  considering  that  the  winter  traffic  of 
this  seaside  resort  is  only  just  sufficient  to  cover  operating 
oo6t«,  and  all  the  profits  have  to  be  earned  during  the  holiday 
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seasons.  This  is  the  only  line  in  England,  and  the  oldest  line 
in  the  world,  worked  with  underground  conductors  in  a  slotted 
conduit.  The  rent  charged  by  the  Blackpool  Corporation  for  the 
use  of  the  line  forms  a  considerable  item — 1*773  pence  per  car 
mile — in  the  sum  of  the  working  expenses.  Directors'  fees  and 
secretarial  charges  also  seem  to  be  liberally  arranged,  making 
1'187  pence  per  mile. 

On  the  Bessbrook-Newry  Tramway,  where  water  power  is  used 
for  driving  the  generators,  the  haulage  costs  during  six  months 
ending  December  31st,  1890,  amounted  to  3*97  pence  per  train 
mile.  This  includes  water  rent,  rental  of  buildings ;  wages  of 
driver,  guard,  and  dynamo  attendant;  maintenance  and  repairs 
to  dynamos  and  conductor ;  oil,  tallow,  and  waste.  During  the 
X)eriod  stated  the  train  mileage  was  10,400;  the  number  of 
passengers,  50,800 ;  and  goods  carried,  8,600  tons. 

The  Americans,  as  you  are  well  aware,  are  far  ahead  of  us  in 
matters  relating  to  tramways ;  they  count  their  electric  roads  by 
hundreds,  and  their  electric  cars  by  thousands.  I  need  not  enlaige 
here  upon  figures  well  known  to  all  readers  of  engineering 
literature,  but  I  venture  to  x)oint  to  recent  statistics  on  working 
expenses,  and  especially  to  those  prepared  by  Mr.  J.  S.  Badger 
for  the  Street  Railway  Convention  last  October  when  meeting  at 
Pittsburgh.  Mr.  Badger  gave  an  immense  amount  of  data,  all 
systematically  arranged,  of  which  Table  V.  is  an  abstract,  converted 
into  English  equivalents  as  to  money  values.  Those  interested  in 
all  its  details  will  find  a  reprint  of  this  elaborate  communication 
in  the  EUcti'ical  World  of  October  3l8t,  1891.  Indeed,  in  order 
to  fully  appreciate  the  data  contained  in  Table  V.,  certain 
descriptive  matter  should  accompany  it,  and  this  deals  with  the 
number  and  sizes  of  boilers,  engines,  dynamos,  the  quality  and 
price  of  coals,  condition  of  road  and  track,  sizes  and  number  of 
cars,  total  mileage,  and  wages  in  various  localities.  I  merely 
give  the  most  essential  ones. 

Boad  No.  1  has  a  generating  station  containing  four  boilera, 
one  2dO-H.P.  Corliss  engine,  one  150-H.P.  Ball  engine,  one 
150-H.P*  Brown  engine,  and  two  Edison  generators.  The  line 
runs  through  5  miles  of  streets,  and  the  steepest  gradient  is 
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13*2  per  cent.,  100  feet  long.  There  are  36  motor  cars  of  the 
oidmaiy  size,  of  which  20  are  in  daily  use,  making  annually 
601,966  miles.  The  price  of  coal  is  8s.  4d.  per  ton,  and  the 
ooDBomption  7  lbs,  per  car  mile. 

Bood  No.  2:  Four  boilers,  two  Taylor-Beck  engines  of 
125  H.P.  each,  one  of  175  H.P.,  one  Armington  &  Sims  of 
250  H.P. ;  five  Edison  dynamos.  Track,  6  miles  long ;  steepest 
gradient,  9*25  per  cent,  for  400  feet.  18  motor  cars,  of  which 
16  are  in  daily  use,  making  an  annual  mileage  of  724,000.  Price 
of  coal,  7s.  3d.  per  ton;  consumption,  11  lbs.  per  car  mile. 

Boad  No.  3:  Eight  boilers;  nine  steam  engines,  of  which 
five  are  of  125  H.P.  and  two  100  H.P.,  all  of  the  Phoenix  type ; 
also  two  125-H.P.  Beck  engines.  Nine  Edison  and  seven 
Thomson-Houston  dynamos  supply  current  for  50  motor  cars  in 
daily  use,  making  an  average  of  1,819,000  miles  per  annum. 
There  are  altogether  53  motor  cars,  of  which  four  were  supplied  by 
Westinghouse,  20  by  Edison,  and  29  by  the  Thomson-Houston 
Co.  Steepest  grade,  8  per  cent,  for  800  feet;  total  length  of 
streets  traversed,  35  miles.  Cost  of  coal,  lis.  2d.;  and  the  con- 
sumption of  fiiel  is  calculated  to  be  12*2  lbs.  per  car  mile. 

Boad  No.  4:  Two  boilers  and  three  I0O-H.P.  Ball  engines, 
driving  six  dynamos.  Length  of  streets  run  through,  14  miles, 
irith  18  motor  cars,  making  annually  700,000  miles.  There  is 
one  steep  gradient  of  10  per  cent,  rise  for  775  feet.  Coal  in 
this  case  costs  8s.  9d.,  and  the  amount  used  per  car  mile  is  only 
6-4  lbs. 

The  fifth  road,  out  of  seven  given  by  Mr.  Badger,  is  only  4 
miles  long,  with  five  passenger  cars  and  one  fireight  car.  It  has 
only  been  running  for  nine  months  up  to  the  date  of  the  report. 
The  coal  costs  12s.  8d.  to  15s.  lOd.  per  ton ;  water,  5d.  per  1,000 
gaQoiis.  The  wages  on  all  the  above  lines  varied  between  40s*  * 
and  608.  per  week  for  drivers,  conductors,  and  mechanics. 

The  most  important  of  all  the  American  electric  tramways  is 
thai  of  the  West  End  Eailway  Company  of  Boston,  where  they 
have  now  400  electric  cars  in  operation.  Table  VL  gives  a 
oomparative  statement  of  gross  receipts  and  working  expenses 
of  the  electric  cars  and  horse  cars  in  the  city  of  Boston  for  five 
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months  ending  August,  1891.  No  detailed  account  is  given,  bat 
the  rolling  stock  is  continually  being  increased,  and  the  central 
power  station  in  course  of  construction  will  contain  engines 
capable  of  converting  12,000  H.P.  into  electrical  energy.  All  the 
American  lines  referred  to  are  worked  on  the  overhead  conductor 
principle, 

I  have  intentionally  omitted  comparisons  between  electric 
traction  and  various  modes  of  mechanical  traction,  such  as 
cable,  steam,  and  compressed  air.  Our  object  in  this  Institu-^ 
tion  is  to  inquire  into  the  merits  of  systems  involving  the  use 
of  electricity,  and  to  further  their  extension  in  every  legitimate 
way,  and  with  this  point  in  view  I  have  endeavoured  to  collect 
and  bring  before  you  such  data  as  may  tend  to  increase  the 
general  interest  in  one  important  branch  of  our  profession. 

TaUe  L — The  FrarikforirOffefnbach  Electric  'Tramways. 
WoRECiNG  Expenses  of  the  Year  1890. 

Pence. 
Fuel,  per  car  mile  0*48 

Wages  of  drivers  and  conductors  ...  0*864 

Salaries  and  wages  at    the    generating 

station  0-96 

Maintenance  of  machinery  0*576 

„  „  line  and  buildings         ...  0*288 

Taxes  and  municipal  charges      0*058 

Miscellaneous       ...  0*518 

Depreciation  account       0*864 

Total  per  car  mile 4-608 
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TaUe  II.—The  HaUe  Electric  Tramways. 

Working  Expenses  for  Six  Months  ending  December,  1891. 

Average  number  of  cars  running            •••  20-55 

Total  car  miles  for  six  months 266,796 

Average  number  of  car  miles  per  month  44,466 

„            „               ,,             „     day    ...  1,449-3 

Daily  average  mileage  for  each  day,  per  car  70-6 

Total  gross  receipts  for  six  months         £5,354  .  8s. 
Average  gross  receipts  per  month  £892  .  8s. 


Working  Expenses. 

v'Oais         •••        «•«         •••        ... 
Waste,  oil,  and  cleaning  materials 

Wages  and  salaries  

General  expenses  •••         «••         ••• 
life  insurances     •••         ...         .•• 
Maintenance  of  track  and  overhead  con- 
ductors •«•         ••• 
Maintenance  of  buildings 

„  „  boilers  and  machinery 

„  cars         « •  •         ... 
„  workshops 


Total  working  expenses  per  oar  mile  • 


Pence. 
0-3980 

0-1444 

1-4430 

0-3930 

0-0216 

0-0459 
0-0036 
00120 
0-1480 
0-0148 

2-6243 
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Table  III. — Blddcpool  Electric  Tramway. 

Working  Expenses  for  1891. 

Total  number  of  car  miles  for  one  year  ...  98,000 

Average  car  miles  per  month      8,166*6 

Gross  receipts  for  one  year         £7,241 

Per  Car  Mile. 
Fence. 

Repairing  centre  channel            0*345 

„         roadway           0*452 

Rent,  at  6^  per  cent,  of  cost  of  line,  to 

Corporation 1*773 

Repairs  of  armatures,  fittings     0*461 

Decorating  and  plumber's  work' 0*189 

Fire  and  boiler  insurance            0K)19 

Ground  rent         0*125 

Wages  of  drivers,  conductors,  engineer, 

ticket  clerk,  &c 3*260 

Coal,  oil,  waste,  &c 0*714 

Water  and  gas      0*223 

Rates  and  income  tax      0*874 

Printing  and  stationery  ...  ,^.  ...  0076 
Salaries  of  directors,  secretary,  auditors, 

and  clerks      1-187 

Compensation  for  damages         0*016 

Miscellaneous       , 0197 


Total  working  expenses  per  car  mile ...         9-911 
Ratio  of  operating  expenses 57*8  % 
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TcMe  IF. — The  Florence  and  Fieaole  Electric  Railway. 

WORKINa    EXPENDITUBE,    BASED     ON    AN    AVERAGE     OF     600     CaR 

Kilometres,  or  375  Car  Miles,  per  Day. 

_     _  Per  Car  Mile. 

Trajgic —  Pence. 

II  guards  and  3  inspectors  0*960 

MaiiUenanoe — 

Inspector,  foreman,  and  8  men 0*680 

Motvoe  Power — 

Wages  at  generating  station       0'386 

10  car  drivers        ...  0*898 

Fuel,  1  ton  per  day,  at  £1  12s.  per  ton..,         1*003 
Water,  oil,  repairs,  and  sundries 0*5 1 3 

Depredoitum  and  Benewale — 

Boilers,  7  per  cent. ;  electric  plant,  8  per 

cent. ;  cars,  5  per  cent. ;  line,  I  per  cent.         2*080 

General  Charges — 

Rates  and  taxes,  office,  and  administration         1*050 

Total  per  ear  mile        7*570 


vol.  XXI.  21 
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TaUe  V. 

Working  Expenses  of  Five  Representative  American 

Electric  Tramways. 


Permanent  Way, 

Maintenance  of  road-bed  and 
tracK   •>.     •••     •••    •••    ••• 

Maintenance  of  line    '. 

Maintenance  0/ PowerPlcmt, 
Repairs  of  engines  and  boilers 

Repairs  of  dynamos      

Miscellaneous  repairs 

Cost  of  Power, 

Fnel        

Wages  at  generating  station 

Oil  and  waste       

Water     

Other  sappUes      

Maintenance  of  Rolling  Stock, 

Machine  shops,  and  repairs  to 
motors  and  cars 

Transportation  Expenses. 

Wages  of  conductors  and 
motor  men 

Miscellaneous  wages  for  in- 
spectors, trackmen,  and 
cleaners      

Accidents  to  persons  and 
property     ... 

General  Expenses. 

Insarance .«. 

Salaries,  &c 

Office  expenses     

Adyertising,  printing,  legal 
andmisceilaneoas  expenses 


Total  expenses  per  car  mil ! ... 


lUMdl. 


Per  Car 
MUe. 


0-226 

0-036 


0-018 
I   0-008   i 


0-835 
0-296 
0-032 
0-046 
0-005 


0-922 

2-318 

0-526 
0-018 

I   0-766   I 
0021 
0-035 


5-601 


Rood  2. 


Per  Car 
Mile. 


0-335 
0076 

0-056 
0-007 
0118 

0-483 
0-186 
0-077 
0-035 
0010 


0-414 

1-778 

0a59 
0068 


0-094 
0-324 
0014 


4-217 


Roads. 


Per  Car 
Mile. 


0100 


C  0-196  -^ 

0-822 
0-212 

C  0-102  \ 


1-603 


2-236 


d-095 


^   0-230   i 
0081 
0-094 


6-146 


Boad4. 


Per  Car 

Mile. 


.0-085 
0-105 


0013 
0018 
0-019 

0-845 
0-196 
0-029 
0-027 


1-162 

2-616 
0-018 


0-086 
0-272 

0-693 


Road  6. 


PerOtf 
MQe. 


0-050 
0030 


0036 
qI-008 
0-004 


1-073 
0-437 
0-109 
0-147 
0-116 


0-298 


5-629 


1-234 
0-008 

0-084 
0-685 
0085 

0181 


6-801 
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TctbU  VI, — West  End  Baikoay  Company  of  Boston. 
Working  Expenses  foe  Five  Months  ending  August,  1891. 


Klectric  Traction.  Hone  Traction. 

£29,337  .  6  £78,779  .  4 

9,030  .  8  26,729  .  6 

5,733  .  0  23,949  .  0 

16,274  .  2  55,043  .  4 

375,474-8.  1,093,808-2 

25-75%*  74-25% 


Gross  receipts 

Track  and  car  expenses 

Motive  power 

Total  operating  expenses 

Miles  run      

Ratio  of  mileage 

Satio  of  operating  e35)enses  55-47  %  69*87  % 

Total  expenses  per  mile  run  10*41d.  12*06d. 

Gross  receipts  per  mile  run  18*76d.  17*26d. 

The  Presidbnt  :  We  have,  I  believe,  sevSral  gentlemen  present  The 
representing  electric  railways  and  tramways,  some  of  whom  are 
members,  and  some  of  whom  are  visitors.    We  shall  be  very  glad 
if  one  of  them  will  open  the  discussion.     Perhaps  Mr.  McMahon 
will  do  so? 

Mr.  McMahon  :  Mr.  Beckenzaun,  in  speaking  of  the  variation  Mr. 
of  voltage,  says  that  at  the  City  and  South  London  Railway,  which 
is  only  3^  miles  in  length,  the  deflections  on  the  voltmeter  vary 
between  370  and  500,  notwithstanding  compound-wound  genera- 
tars  and  a  regular  schedule  time  of  running  trains.  I  cannot 
agree  with  him  on  this  point.  Reading  it  as  he  puts  it,  it 
would  appear  that  we  have  a  continual  variation  of  130  volts  in 
500.  It  may  possibly  occur  once  or  twice  a  day  through  a  belt 
slipping,  or  if  the  machines  are  running  shunt;  but  as  a  rule 
the  machines  are  running  compound,  and  then  the  variation  is 
between  420  and  500.  In  plotting  load  diagrams  from  obsened 
ammeter  readings,  I  have  come  to  the  conclusion,  after  taking 
seyeral  thousand  such  readings,  both  at  the  generating  station 
switch-board  and  an  the  locomotives,  that  unless  these  readings 
are  taken  almost  every  second  the  real  variation  and  that  observed 
will  differ  by  a  considerable  amount.  This  statement  I  have 
verified  by  comparing  two  curves,  one  from  a  recording  ammeter, 
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and  the  other  plotted  from  readings  taken  every  five  seconds. 
The  sharp  peaks  so  clearly  shoim  on  Mr.  Beckenzaun's  diagrams 
are  rounded  o£f,  and  the  points  sometimes  become  quite  flat,  and 
last  for  a  couple  of  seconds.  Even  with  readings  taken  every 
five  seconds  you  lose  these  interesting  points.  I  have  taken  a 
number  of  these  readings  and  diagrams,  and  had  intended  to 
enlarge  the  diagrams,  but  had  not  time ;  however,  I  hope  at  an 
early  date  to  bring  some  of  them  before  the  Institution.  I  would 
like  to  ask  Mr.  Keckenzaun  how  the  three-seconds  readings  were 
taken.  I  have  found  it  difficult  to  take  even  five-seconds  readings 
with  any  accuracy,  especially  over  a  long  period,  unless  one  calls 
them  out  and  another  dots  them  down,  and  then  you  want 
somebody  to  call  the  time  out  as  well.  Mr.  Reckenzaim  does  not 
seem  to  place  much  hope  in  getting  nearly  a  straight  line,  or  at 
least  a  wavy  line,  for  the  current-curve.  But  I  think  it  is  at  least 
possible  to  get  something  of  that  sort,  and  this  assumption  is 
based  on  my  experience  of  the  difference  between  a  load  diagram 
for  eight  trains  and  one  for  five  trains.  With  eight  trains  running 
the  current  from  one  generator  varies  between  100  and  350 
amperes,  and  will  not  drop  as  low  as  80  in  an  hour.  With  seven 
and  six  trains  the  curve  becomes  more  jerky ;  and  with  five  trains 
the  current  varies  between  300  amperes  and  zero  in  a  few  seconds, 
and  remains  between  0  aud  50  for  about  five  minutes,  seldom 
keeping  at  300  for  more  than  30  seconds.  This  is  a  very 
interesting  diagram,  and  I  am  sure  when  we  have  more  trains 
running  that  those  hollows  will  be  filled  up  and  we  will  get  an 
almost  flat  curve.  I  think  with  10  trains  running  and  a  more 
frequent  service  we  shall  only  get  a  variation  of  something  like 
10  per  cent,  in  the  voltage.  I  do  not  know  whether  the  suggestion 
of  putting  accumulators  as  regulators  would  be  very  effectual. 
I  think  it  would  be  very  expensive,  and  as  &r  as  I  have  seen 
accumulators  used  for  traction  purposes  they  are  rather  a  nuisance. 
Mr.  Keckenzaun  also  makes  mention  of  high  resistance  in  the 
locomotive.  Well,  those  are  only  used  in  switching  on  and  off, 
and,  as  a  matter  of  fact,  once  the  locomotive  gets  under  way  the 
resistance  is  not  used.     The  back  E.M.F.  simply  controls  the 
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current,  as  it  were.    I  should  also  like  to  know  at  what  point  the  Mr.. 

Molfahon. 

Thomson-Houston  motors  have  the  resistance  cut  out,  and  at 
what  point  they  vary  or  regulate  their  speed  by  adjusting  the 
field-magnet  coils.  I  think  those  are  all  the  points  that  strike 
me  as  likely  to  be  of  interest  to  you. 

Mr.  Magnus  Volk  :  I  do  not  know  that  I  have  much  to  add  Mr.  voik. 
to  what  Mr.  Beckenzaun  has  said;  but  upon  looking  at  those 
diagrams  before  us,  it  seems  to  me  very  desirable  that  some 
means  be  contrived  to  equalise  the  load  upon  the  engine: 
certainly  it  will  not  tend  to  very  economical  working  if  it  be 
necessary  to  provide  engines  of  a  power  equal  to  three  times  the 
average  load. 

I  would  suggest  that  a  heavy  fly-wheel,  running  at  a  very 
high  rate  of  speed,  be  tried.  I  do  not  know  that  I  am  sufficiently 
acquainted  with  the  engineering  problem  involved  in  getting  a 
sufficient  weight  to  run  at  such  a  high  velocity,  to  indicate  the 
precise  means  of  attaining  such  a  desirable  object ;  I  am  perfectly 
well  aware  that  the  engines  used  at  present  have  large  and  heavy 
fly-wheels,  and  that  the  engines  in  some  c€^es  run  at  a  high  rate 
of  speed,  but  the  speed  of  the  engine  is  not  enough  to  attain  the 
desired  result. 

In  my  own  case  at  Brighton  I  only  use  a  12-H.P.  gas  engine, 
provided  with  two  very  heavy  fly-wheels,  running  at  a  compara- 
tively low  rate  of  speed,  viz.,  160  revolutions  per  minute; 
but  two  heavy  cars  can  be  started  practically  at  one  time  without 
seriously  checking  the  speed  of  the  engine,  whereas  a  steam 
engine  of  the  same  power  ha\ing  the  ordinary  fly-wheels  would 
probably  be  pulled  up  at  once. 

Of  course,  sufficient  margin  must  be  provided  in  the  dynamos 
to  allow  for  the  extra  flow  of  current. 

Beferring  to  the  working  expenses,  it  seems  that,  averaging  up 
the  various  tables — although,  as  they  embrace  diverse  matters,  it 
is  impossible  to  get  the  figure  exactly — ^we  may  assume  it  to  be, 
when  driving  by  the  direct  current,  about  5d.  to  6d.  per  car  mile, 
if  there  be  a  fSur  amount  of  traffic. 

I  have  here  an  average  for  several  years'  working  of  the 
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tfr.voik.     Brighton  Electric  Railway,  and  the  cost  per  car  mile  is  as 
follows : — 


Gras,  oil,  and  waste  

Bepairs  to  gas  engine 

Engineers'  wages  , 

Repairs  to  electrical  machinery 
Drivers,  conductors,  booking  clerk 

5  per  cent,  depreciation  

(All  repairs  being  being  paid  out  of  revenue 


) 


Pence. 
1-20 

0-04 

0-70 

0-16 

1-60 

0-30 

4-0 


Number  of  passengers  per  car  mile          •..  8*51 

Daily  average  mileage  per  car      76*0 

Proportion  of  gross  expenses  to  receipts  ...  55  per  cent. 

Mileage  per  car  per  annum           23,475 

The  working  expenses  on  my  line  come  rather  lower  than 
usual,  owing  to  the  cars  running  on  a  T-headed  rail,  and  not  in  a 
grooved  rail,  as  used  in  the  public  streets, 
ir.  Baker.  Mr.  GrRAFF  Bakcr  :  I  havc  listened  with  a  great  deal  of 
interest  to  Mr.  Beckenzaun's  x>c^per,  and  I  think  I  have  seen  a 
good  many  of  his  figures  before.  The  American  figures  I  am 
fairly  familiar  with,  but  the  German  figures  are  rather  new> 
and  I  think  compare  fiivourably  with  figures  obtained  anywhere- 
Mr.  Beckenzaun  makes  a  point  of  the  low  cost  of  labour  in 
Grermany.  The  cost  of  labour  there  is  of  course  very  much  less 
than  it  is  in  America,  but  I  would  like  to  hear  his  comparison 
of  the  cost  of  labour  there  and  the  cost  of  labour  in  England. 
Then  his  cost  of  fuel  in  Germany  :  I  would  like  very  much 
to  have  that  compared  with  the  cost  in  England.  In  the  States 
the  company  I  am  connected  with  have  down  a  great  many 
tramways  quite  out  of  the  experimental  stage;  and  in  almost 
every  case,  if  anyone  wants  to  know  what  it  will  cost  to  operate 
his  tramway  electrically,  he  can  ascertain  it  by  turning  to  the 
operating  costs  of  some  similar  road.  Over  here  the  circumstances 
under  which  tramways  are  run,  the  conditions  of  climate,  the 
conditions  of  rails  that  are  used,  the  streets,  and,  altogether,  the 

Digitized  byVjOOQlC 


1892.]  ,    -v.  DISCUSSION.  818 

electrical  conditions,  are  so  very  different  that  it  is  practically  a  Mr.  Baker. 
new  field ;  and  my  experience  with  the  Soundhay  Road  at  Leeds 
is  that  every  precedent  established  from  American  practice  has 
to  be  modified  to  meet  the  different  conditions  governing  here, 
viz.,  the  use  of  300  volts  instead  of  500  volts.  At  Leeds  we 
find  that,  owing  to  the  grooved  girder  rail  being  used — which 
is,  I  believe,  the  latest  improved  thing  in  tram  rails — the 
rolling  firiction  is  much  higher  than  in  the  States;  and,  owing 
principally  to  the  climatic  influences,  the  rails  are  more 
slippery,  their  adhesive  properties  are  less,  than  in  the  States, 
where  they  use  either  a  step  rail  or  a  T  rail.  The  atmos- 
pheric conditions,  the  fog,  the  grease,  the  mud  from  the  macadam 
roads  getting  on  the  rail,  make  a  difference  between  the  clean 
rail  and  the  usual  rail  that  you  get  in  winter  weather  that 
is  perfectly  marvellous.  We  sent  over  to  Leeds  motors  that  have 
done  very  excellent  work^ phenomenal  work  in  some  cases.  When 
we  got  them  to  Leeds,  and  got  them  running  in  November  and 
December,  the  traction  results  varied  in  almost  every  point  from  the 
results  given  by  the  same  motors  in  the  States.  I  knew,  of  course, 
beforehand  that  the  working  was  going  to  be  slightly  different ; 
but  as  soon  as  I  discovered  the  very  great  difference  that  existed, 
I  immediately  set  to  work  to  ascertain  just  what  the  points 
of  difference  were,  and  what  was  needed  for  the  English  con- 
ditions. To  this  end  I  had  to  employ  a  much  larger  staff  than 
was  necessary  for  the  working  of  the  tramway,  so  as  to  be  able  to 
secure  every  engineering  detail  that  would  be  any  clue  to  future 
working.  At  Leeds  my  line  is  a  summer  line,  in  that  it 
leads  out  to  a  pleasure  resort.  On  Sundays  and  holidays  there 
are  &r  more  people  than  I  could  carry  with  50  or  60  cars.  The 
expense  has  been  greater  than  it  would  be  on  any  line  that  is  run 
purely  upon  a  commercial  basis,  owing  to  the  cost  of  getting  out 
these  particulars,  and  testing  and  finding  out  all  the  engineering 
difficulties  to  be  overcome.  Mr.  Beckenzaun  asked  me  to  give 
him  some  figures  as  to  cost  of  operation.  I  felt  some  hesitation 
in  complying  with  his  request,  without  being  able  to  state  some 
facts  first.  I  want  to  show  the  results  of  what  I  have  done,  and 
I  want  to  make  the  figures  public ;  but  I  do  not  want  to  do  so 
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without  prefacing  them  with  the  explanation  of  why  they  are  not 
so  low  as  some  American  figures,  where  everything  is  cut  and 
dried, — where  you  can  contract  for  your  coal  and  always  g^t  it. 
You  can  count  upon  the  prices  for  most  things  continuing  fixed 
for  a  fairly  long  stretch  of  time.    But  I  have  brought  some  figures 
to-night  which  I  am  afraid  do  not  compare  very  &vourably  with 
Mr.  Volk's  figures,'  but  may  be  of  some  interest.    We  keep  our 
records  of  cost  in  Leeds  under  four  headings — (1st)  General  Ex- 
penseSf  which  include  management,  salaries  of  clerks,  accountants, 
and  so  forth,  miscellaneous  office  expenses,  stationery,  printing, 
injuries,  and  damages;  (2nd)  Transportation  Expenseey  which  are 
the  car  service  expenses :  this  includes  all  wages  of  drivers  and 
conductors,  ticket  inspectors,  and  starters— everything  in  connection 
with  the  service  of  the  cars — and  inclusive  of  car  house  expenses, 
which  comprise  the  wages  of  the  inspectors  of  motors,  engine- 
drivers,  of  cleaners,  &c.,  waste,  and  fuel,  water,  gas,  &c.,  &c. ;  then 
there  is  (3rd)  MairUenance  of  Ways  and  BuiUUngs — ^repair  of 
track,    renewal  of   overhead  line,  and  generally  all   necessary 
material  and  labour  for  the  proper  maintenance  in  first-rate  order 
of  the  buildings  and  lines ;  (4th)  Maintenance  of  Equipment — 
car  bodies,  trolleys,  sundry  repairs  of  same,  and  of  electrical  power 
plant,  &c. 

The  general  expense  is  very  high.  Having  extra  clerks  for 
the  purpose  of  securing  and  keeping  a  record  of  the  engineering 
data  will  make,  I  should  think,  this  item  about  twice  what  it 
should  be.  Then  I  have  Mr.  Wimslow  in  charge.  He  is  an 
American,  and  naturally  a  man  to  do  the  same  work  that 
lived  here,  and  was  accustomed  to  the  country,  would  be 
able  to  get  along  a  bit  more  economically.  This  general 
expense  account  comes  to  about  l*13d.  per  car  mile.  Trans- 
portation Expenses. — These,  again,  are  high.  I  have  a  temporary 
installation  at  Leeds,  and  no  duplication  of  plant  of  any  sort, 
only  one  high-speed  engine  with  two  fly-wheels  "weighing  about 
two  or  three  tons  each,  running  at  200  revolutions,  and  two 
dynamos.  Of  course,  if  anything  happens  to  the  engine,  we  shall 
have  to  stop  the  road.  We  have  been  running  for  four  months 
so  far,  and  have  only  stopped  for  an  hour  and  20  minutes,  owing 
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to  heated  crank-pin.    We  have  to  be  very  careful  to  see  every-  Mr  Baker. 
thing  right  when  we  shut  down  at  night.    We  have  three  engine- 
drivers.     I   pay  my  head  driver  £3    10s.  a  week.     I  have  two 
assistants;  there  is  always  one  on  duty,   and   the   chief   has 
to  be  there,  if  wanted,  24  hours  a  day.     I  had  a  great  deal  of 
di£5culty  from  the  first  in   getting   men   at  all  familiar  with 
motors  in   this  country — that   is,  the   type  of  motors  we   use. 
We    could    get    plenty   of   good    electrical    men,    and    plenty 
willing  to  learn;  but  it  was  difficult  to  find  a  man  whom  we 
could  trust  to  go  in  and  take  charge  of  a  motor  and  know 
what  to  do  without  being  told.     I  found  two  Englishmen  who 
worked  in  the  States  over  here,  on  a  holiday,  and  oflfered  them 
sufficiently  high    wages  to  induce    them  to  stop.      All  these 
things  seem  very  little,  but  they  add  enormously  to  the  cost  per 
car    mile    on    any    road.     Transportation    expenses,    including 
everything — conductors,  drivers,  ticket  inspectors,  and  starters — 
everything  you  can  possibly  put  down  to  transportation — come 
to  5'17d.  per  car  mile.    These  figures  are  for  one  fortnight,  taken 
at  random.    Maintenance  of  Way  and  Buildings. — ^The  permanent 
way  is  almost  new  throughout,  and  the  buildings,  having  been  only 
completed  last  autumn,  have  needed  no  repairs.    Maintenance  of 
Equipment. — That  has  been  since  we  started  rather  heavier  than 
it  should  be,  owing  to  our  having  got  our  wheels  from  the  States. 
Our  wheels  were  made  for  running  on  step  rails,  and  when  they 
got  into  grooved  rails,  the  flanges  did  not  suit,  and   we  had 
continual  trouble;  the  flanges  kept  chipping    o£P,    and  every 
fortnight  or  so  we  had  cars  in,  putting  on  fresh  wheels  of  suitable 
dimensions.     Then  we  have  had  rather  a  severe  winter ;  ^  one 
time  we  had  an  average  of   7  inches   of  snow  over  the  road. 
This  had  all  to  be  cleared  away.      It  was  not  worth   while 
having  a  snow-sweeper,  as  used  on  a  regular  **  snow"  road,  and  it 
had  all  to  be  done  by  hand ;  we  had  also  to  use  salt  on  the  track ; 
and   this  all  makes  the  expense  of  maintenance  of  the  line  a 
great  deal  more  than  it  would  otherwise  be.    This  comes  out  at 
O'SSd.  per  car  mile.    This  makes  a  total  cost  of  operation  for  this 
particular  fortnight  of  6-63d.    We  ran  in  the  fortnight  6,039 
milea  with,  say,  an  average  of  five  cars.    We  find  the  five  cars, 
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ur.  Baker.  UBless  in  verj  good  weather,  more  than  carry  the  people,  and,  as 
I  said  before,  when  the  people  do  come  out  to  ride,  if  we  had 
60  cars  we  could  not  transport  them*  But  we  have  carried 
100  people  on  a  16-foot  car,  which  is  not  in  accordance  with  the 
Board  of  Trade  regulations ;  but  these  Yorkshire  youths -^miners 
and  others — when  they  come  out  for  a  holiday,  if  they  want  to 
ride  on  the  electric  car,  they  have  got  to  ride  on  it,  regardless  of 
rules. 

Hr.  Busseu.  Mr.  Stuart  RtJSSELL :  The  diagrams  I  have  put  on  the  wall 
shows  the  results  of  some  tests  I  had  the  opportunity  of  taking 
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about  two  years  ago  on  the  Hague-Sckevening  Tramway.  In  the 
diagrams  the  full  curve  shows  a  profile  of  the  line,  the  vertical 
heights  being  shown  on  a  scale  of  100  to  1  as  compared  with  the 
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horizontal  distances.      The  broken  line  cfbrve  shows  the  current  Mr.  roskii. 

taken  from  readings  made  as  rapidly  as  possible  whilst  running 

from  Schevening  to  the  Hague — that  is,  from  left  to  right  on  the 

diagram — and  the  dotted  curve  shows  the  similar  readings  on  the 

letom  journey.    You  may  note  that  on  the  right-hand  side  the 

broken  line  curve  only,  is  shown  for  about  the  last  1,000  metres : 

that  is  because  in  part  of  the  town  the  up  and  down  lines  do  not 

nm  through  the  same  streets,  and  the  loop  thus  formed  has  been 

shown  as  a  continuation  of  the  line,  and  the  current  has  been 

shown  by  the  broken  line  curve  as  far  as  the  point  where  the  up 

line  rejoins  the  down  again,  the  dotted  curve  commencing  from 

this  point.    From  these  figures,  and  many  other  tests  taken  at  the 

same  time,  we  found  that  on  a  straight  and  level  piece  of  track 

the  average  current  was  about   30  amperes,  which    means  a 

tractive  force  of  nearly  20  lbs.  per  ton.    About  two-thirds  of  the 

track  is  outside  the  town  boundary,  and  for  the  greatest  part  of 

this  raised  T-headed  rails  are  used;  but  within  the  town  of  course 

it  is  all  grooved  rails.      Outside  the  town  the  average  speed  is 

about  14  miles  an  hour,  reaching  a  maximum  of  20  for  some  parts; 

whilst  within  the  town  the  average  speed  is  7  miles  an  hour. 

The  cars  are  battery  cars,  32  feet  long  over  all,  and  weighing, 

with  their  full  complement  of  passengers,  battery,  motor,  &c,  17 

tons.    On  the  curves  and  gradients  the  maximum  reached  in  the 

tests  I  took  whilst  running  amounted  to  110  amperes,  which  is 

equivalent  to  about  145  lbs.  per  ton.     On  starting  the  car  the 

average  current,  calculated  from  a  large  number  of  tests,  comes 

oat  at  80  amperes,  or  about  100  lbs.  per  ton ;  but  the  maximum 

observed  when  starting  on  curves  or  gradients  was  180  amperes, 

which  is  equivalent  to  a  tractive  force  of  nearly  240  lbs.  per  ton. 

I  Mr.  Vanvloten,  the  engineer  of  the  line,  recently  sent  me 
figures  of  further  tests  he  has  made,  and  he  gives  for  a  double 
journey  to  the  Hague  and  back  to  Schevening — that  is,  about 
6)  miles — occupying  about  36  minutes,  an  output  of  about 
I  20  ampere-hours.  The  batteries  are  arranged  so  that  they  can 
give  400  volts,  or  can  be  coupled  in  parallel  to  give  200  volts 
within  the  town  boundaries,  where  the  cars  are  obliged  to  run 
at   halfrspeed.      Of   these    20    ampere-hours    it    appears    that 
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Mr.  rimmh.  9  ampere-hours  are  required  for  starting  the  cars  from  rest 
and  bringing  them  up  to  their  normal  speed,  and  only  11 
ampere-hours  for  the  other  running  time ;  so  that,  according  to 
these  figures,  we  may  say,  roughly  speaking,  that  half  the  out- 
put was  required  for  starting  the  cars.  This  was  when  making 
an  average  of  five  or  six  stops  per  mile  only.  The  observa- 
tions were  made  by  taking  readings  as  rapidly  as  they  could 
be  written  down,  and  the  times  of  passing  certain  definite  marks 
on  the  line  were  noted ;  so  that  the  readings  were  divided  into 
sets,  each  located  to  a  certain  known  portion  of  the  line.  The 
general  result  from  the  double  journey  with  this  car  was  about 
8  h.p.-hours — that  is,  on  the  length  of  6^  miles,  about  1*25  h.p.- 
hours  per  car  mile-^and  the  average  rate  of  working  over  the 
whole  trip  is  13  H.P.  The  figures  1  took  were  taken  when  the 
road  and  motors  were  quite  new,  and  when  some  of  the  curves 
gave  a  good  deal  of  trouble.  Those  curves  have  been  altered 
since,  and  the  engineer  tells  me  that  they  do  not  now  have 
quite  such  large  current-outputs  when  running. 

Mr.  Kapp  :  What  is  the  weight  of  the  cars  ? 

Mr.  Stdart  Russell  :  About  17  tons,  loaded. 

Mr.  Kapp  :  That  is  a  tremendously  heavy  car. 

Mr.  Russell:  They  are  32  feet  long,  carry  200  cells,  and 
weigh  empty — that  is,  including  cells  and  motors^  about  14  tons. 
They  carry  about  60  passengers. 
Mr.  Dolby.  ^^*  ^-  ^-  DoLBY :  If  you  wiU  allow  me,  I  would  like  to  speak 
on  one  or  two  points.  The  great  difficulties  in  motor  and  tram- 
car  working  have  been  with  the  gearing  and  with  the  enormous 
current  which  is  needed  to  start  the  motor.  From  experiments 
which  I  have  been  able  to  make,  I  believe  that  the  number  of 
amperes  into  volts  giving  the  watts  equivalent  to  the  top  of  each 
one  of  those  peaks  which  represents  the  starting  of  the  car  is 
very  much  in  excess  of  the  actual  energy  which  is  necessary  to 
start  that  car ;  and  I  should  like  to  ask  the  author  of  the  paper  if 
he  has  been  able  to  make  any  experiments  with  an  ordinary 
tension  dynamometer  to  find  out  how  much  power  is  ahsoluteiy 
necessary  to  start  that  car.  I  believe  that,  owing  to  the  fact 
-  that  the  armature  of  the  motor  is  perfectly  stationary,  current 

Digitized  by  LjOOQIC 


1892.]  DISCUSSION.  819 

above  that  reqaisite  for  the  starting  torque  is  used.  I  have  come  Mr.  Doiby. 
to  that  conclusion,  for  one  reason,  from  experiments  I  have  made 
Txpon  electric  cranes.  Where  you  have  the  armature  shaft  of  the 
electric  motor  geared  directly  to  the  large  wheel  of  the  lifting 
gear,  you  have  a  somewhat  similar  condition  to  that  which  obtains 
in  a  single-gear  motor  used  for  tramways.  On  the  City  and 
South  London  line  the  average  current  is  50  amperes,  and  at  the 
itaiting  of  a  car  that  current  rises  to  150  amperes.  Therefore 
yon  have  a  starting  current  three  times  in  excess  of  your  average 
working  current.  Now,  supposing  you  have  in  an  electric  crane 
the  armature  shaft  provided  with  a  x>apier-mach^  or  paper  wheel 
at  the  end  of  it,  which  can  by  means  of  gearing  be  entirely  freed 
from  the  smooth  pulley  on  the  main  shaft  of  the  crane :  you  can 
then  start  your  motor  with  no  load  on,  run  it  up  to  high  speed, 
get  the  requisite  £.M .F.  for  damming  the  current  back,  and  then 
by  means  of  a  screw,  put  the  paper  wheel  into  gear  with  the 
lifting  shaft,  or  with  one  of  the  lifting  shafts.  In  my  opinion, 
an  ideal  motor  would  be  one  which  could  be  run  with  its 
annature  perfectly  free,  and  always  in  one  direction.  If  you 
can  arrange  some  kind  of  clutch  gear  or  friction  gear,  such  as  I 
have  alluded  to,  by  which  you  can  then  put  the  load  upon  one 
of  the  driving  wheels,  I  believe  the  top  of  the  peaks  recorded 
at  starting  would  then  be  avoided,  and  a  much  more  rounded 
outline  would  be  obtained. 

Mr.  Manville  :  Mr.  President  and  gentlemen,— I  am  sorry  Mr. 
that  my  friend  Mr.  Beckenzaim  considers  his  paper  a  very  dry 
one.  For  my  part,  I  think  it  is  perhaps  a  paper  of  greater  utility 
on  the  subject  than  any  that  has  yet  been  before  us.  Perhaps 
the  one  misfortune  we  have  suffered  from  in  this  country,  where  we 
have  talked  a  very  great  deal  about  electric  tramway  traction  and 
done  so  very  little,  is  the  want  of  proper  and  authentic  infor- 
mation as  to  actual  technical  results  obtained  in  running  electrical 
tramway  systems  on  a  large  scale.  Also,  instead  of  mere  estimates 
of  the  cost  of  running,  which  directors  justly  fear,  we  want  the 
actual  financial  results  of  such  tramway  systems;  and  Mr. 
Beckenzaun's  paper,  devoted  to  these  two  points,  has  given  us 
information  invaluable  to  all  engaged  in  developing  this  subject 
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Man^Tiie  ^^  ^^®  fatuie.  The  quesfcian  of  efficiency  of  engines  referred  to 
is  certainly  rather  a  serious  one.  If  it  takes— and  I  presume 
we  all  know  it  does  take-*abont  four  or  five  times  as  mach 
power  to  start  a  car  as  to  keep  it  in  motion,  and  if,  as 
is  shown  to  be  the  case  at  Boundhay,  all  the  cars  may 
stop  at  d  time,  it  is  obvious  that  we  must  have  engines  of 
such  a  power  that  we  can  never  run  them  at  anything  like  a 
real  efficiency.  We  must  always  have  the  ability  to  put  forth  a 
much  greater  power  than  the  normal  power.  I  think  the  idea  of 
using  a  rough  accumulator,  which  is  not  difficult  to  manage,  and 
is  no  expense  to  maintain — an  accumulator  with  plain  lead  platea — 
ought  to  be  a  very  valuable  adjunct  to  a  tram  system,  enabling 
us  to  use  engines  of  an  economical  size  for  the  normal  work,  and 
depending  on  the  accumulator  for  the  extraordinary  efforts. 
There  is  one  question  seriously  affecting  us  in  this  country  in 
developing  electric  traction — ^the  question  of  the  interference  with 
telegraphs  and  telephones  of  electric  tramways  using  earth 
returns.  I  believe,  in  the  States,  as  in  Germany,  the  Courts 
have  held  that  the  streets  are  properly  used  for  locomotive 
purposes,  and  nothing  else  using  the  streets  incidentally  should 
be  allowed  to  interfere  with  locomotion.  Therefore  the  electric 
tramways  had,  if  I  may  so  put  it,  the  electrical  right  of  way  in 
the  streets.  During  the  last  three  sessions  in  Parliament  some 
four  or  five  tramway  companies  have  applied  for  powers  to  use 
electric  traction  on  their  tramways,  and  I  have  given  evidence 
on  their  behalf  against  the  telephone  clause  being  inserted. 
Unfortunately,  with  one  exception — a  slight  one — this  clause  has 
always  been  inserted.  If  electric  tramways  go  ahead,  as  they 
must  and  will  do,  they  must  not  be  hampered  by  such  restrictions 
as  those  imposed  by  this  clause.  I  have  no  hesitation  in  saying 
myself  that  it  is  almost  physically  impossible  to  run,  certainly 
with  any  amount  of  success,  a  tramway  on  the  ov^head  system 
with  double  conductors  having  a  difference  of  x)otential  between 
them ;  and  although  it  may  be  possible  with  double  conductors 
in  a  conduit,  it  will  be  so  much  more  expensive  in  capital  cost 
that  tramway  directors  will  hardly  care  to  incur  it.  Last  year 
the,  Birmingham  Central  Tramways,  one  of  those  large  companies 
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to  whom  we  look  to  help  us  in  advancing  electric  traction,  which  Jjjjj^j^ 
can  only  be  snccessfully  introduced  by  powerful  companies,, pro- 
moted a  Bill  in  Parliament,  and,  after  a  most  severe  fight  ^th 
the  telephone  companies,  had  perhaps  the  strongest  telephone 
clause  yet  inserted  in  a  Bill  proposed  to  them  by  the  Committee. 
The  company  thought  it  was  of  no  further  use  to  proceed  with 
the  Bill,  and  they  dropped  it,  and  another  chance  for  electric 
traction  was  altogether  lost.  In  this  session  of  Parliament  an 
effort  is  being  made  to  try  the  effect  of  union  against  such 
clauses  being  inserted  in  favour  of  the  telephone  companies. 

The  President:  We  shall  scarcely  be  able  to  finish  the 
discussion  to-night;  but  if  there  are  any  visitors  who  will  be 
nnable  to  attend  the  next  meeting,  we  shall  be  very  glad  to  hear 
their  remarks  now. 

Mr.  Stuabt  Russell  :  I  should  like  to  ask  what  the  weight 
of  the  American  cars  are  on  the  Thomson-Houston,  Sprague,  and 
Westinghouse  systems. 

The  President  :  I  now  adjourn  the  discussion  on  Mr.  Becken- 
zaim's  paper  until  April  7th. 

The  following  candidates  were  declared  to  be  duly  elected : — 

Member, 
Charles  Francis  Quicke. 

John  May.  |      William  Henry  Stevenson. 

J.  T.  SutcUffe, 

Students. 
I       W.  L.  Baylay.  I      William  Prout  Whitehead. 

Murray  Bolton  Henry.  |      Herbert  Edward  Shreeve. 

Frank  Lewis. 

The  meetii;ig  then  adjourned.  ,  . 
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The  Two  Hundred  and  Thirty-sixth  Ordinary  Creneral  Meeting  of 
the  Institution  was  held  at  the  Institution  of  Civil  Engineers, 
25,'Grreat  George  Street,  Westminster,  on  Thursday  evening, 
April  7th,  1892— Professor  W.  E.  Ayrton,  F.E.S.,  President, 
in  the  Chair. 

The  minutes  of  the  Ordinary  Creneral  Meeting  held  on 
March  24th,  1892,  were  read  and  approved. 

The  names  of  new  candidates  for  election  into  the  Institution 
were  announced  and  ordered  to  be  suspended. 

Messrs.  H.  B.  Bourne  and  M.  Cooper  Vrere  appointed 
scrutineers  of  the  ballot  for  new  members. 

The  following  transfer  was  announced  as  having  been 
approved  by  the  Council  :— 

From  the  class  of  Students  to  that  of  Associates^- 
W.  J.  Fryer. 

The  President  :  The  next  business  is  to  submit  the  statement 
of  accounts  for  the  year  ending  31st  December,  1891,  a  copy  of 
which  having  been  seat  to  each  of  you,  I  propose  that  it  be  taken 
as  read ;  and  any  remarks  which  members  may  desire  to  make,  we 
shall  be  very  glad  to  receive  now,  or  any  questions  with  reference 
to  the  details.  If  there  is  no  remark,  I  move — "  That  the  Balance- 
"  Sheet  for  the  year  1891,  as  just  presented,  be  received  and 
«  adopted." 

Mr.  Crompton  seconded  the  motion,  which  was  carried 
unanimously. 

The  President  :  We  will  now  resume  the  discussion  on  Mr. 
Seckenzaun's  paper  read  at  our  last  meeting. 
Mr.  sneii.  Mr.  Albion  T.  Snell  :   Mr.  Eeckenzaun's  interesting  paper 

lias  brought  before  the  Institution  a  form  of  load  diagram  not 
very  much  studied  in  this  country,  for  few  of  us  have  had  much 
experience  in  traction  work.  It  has  been  my  lot  to  work  in  this. 
direction  more  or  less  during  the  last  seven  years,  and  I  am 
especially   glad  to  see  the  subject  receive  the  prominence  it 
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deserves ;  for  I  feel   sure  of  the  future  of  electric  traction  in  Mr.  sneu. 
England  as  well  as  in  America. 

Whether  the  trolley,  conduit^  or  accumulator  car  is  to  be  the 
most  generally  used  is  as  yet  open  to  question. 

There  are  a  few  points  in  the  paper  to  which  I  wish  to  refer. 
I  would  emphasise  the  marked  difference  between  the  accumulator- 
car  diagram  and  that  of  the  trolley  system.  In  the  former  the 
current  required  for  only  one  car  is  plott-ed,  hence  the  relatively 
long  periods  of  "no  current,"  during  which  the  car  is  either 
running  down  hill,  over  points,  or  stopping.  In  the  trolley 
diagrams  the  current  is  read  at  the  power  station,  and  is  the 
total  quantity  supplied  to  the  line ;  hence  the  periods  of  "  no 
"  current "  are  less  frequent  and  of  shorter  duration.  To  compare 
the  two  systems,  it  would  be  necessary  to  take  simultaneously 
separate  diagrams  for  each  accumulator  car,  and  then  to  add  the 
ordinates  corresponding  to  the  same  moments  of  time.  This 
would  be  very  difficult  to  do  accurately,  but  an  approximation 
would  be  interesting. 

I  have  prepared  a  load  diagram  for  one  of  the  Barking 
accumulator  cars  driven  by  a  double-reduction  motor.  The  figures 
are  taken  from  amongst  a  series  of  tests,  and  are  not  selected  for 
any  special  features ;  but  I  beHeve  them  to  be  fairly  representa- 
tive of  daily  work.  The  diagram  is  very  similar  to  that  in  Fig.  1 
of  Mr.  Beckenzaun's  paper;  but  the  current  sisems  to  vary  less, 
and  the  period  during  which  the  switch  was  open  is  only  30  per 
cent.*  of  the  total  time  of  running.  (The  readings  were  taken 
every  quarter-minute.)  Apparently  the  road  was  less  hilly,  or 
else  the  resistance  to  motion  was  less.  The  energy  required 
on  the  particular  run  was  about  0*9  e.h.p.-hours  per  car  mile. 
The  car  weighed  about  9  tons. 

Some  reference  to  the  accumulator  service  at  Barking  may  be 
interesting,  as  the  battery  is  the  crux  of  the  self-contained  car 
problem. 

There  are  four  cars  running  daily,  in  round  numbers,  220 
miles.  In  ordinary  weather  each  car  has  three  changes  of 
accumulators  per  day,  so  that  12  sets  of  batteries  are  in  constant 
use,  and  one  set  is  als^o  held  in  reserve.      The  cells  are  the  well- 
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known  K  19  E.P.S.  type.  The  round  journey  from  the  depot  to  Mr.sneir 
Canning  Town  and  back  again  is  just  2*35  miles^  and  each  car 
averages  eight  journeys  per  day.  So  one  set  of  cells,  at  a 
maximum,  runs  a  car  18*8  miles  per  day  in  a  general  way.  The 
current  output  per  car  mile  averages  51  ampere-hours.  This 
requires  a  cell  capacity  of  96  ampere-hourF,  assuming  them  to  be 
discharged  in  series.  The  makers  rate  this  type  at  120,  and  they 
certainly  do  not  overstate  it.  But  since  the  accumulators  are 
coupled  in  two  parallels  during  at  least  one-half  of  the  run,  it  is 
clear  that  the  cells  are  not  discharged  to  too  low  a  point  under 
normal  conditions.  In  bad  weather  the  cars  have  four  changes  of 
cells,  so  as  to  avoid  any  risk.  This  matter  is  easily  arranged,  as 
the  engine  is  kept  under  steam  from  about  10  to  12  hours  per  day, 

It  is  by  no  means  easy  to  estimate  the  charge  delivered  to  the 
13  sets  of  cells  daily  ;  but  from  a  number  of  figures  I  average  it 
at  about  450  e.h.p.-hours,  this  being,  if  anything,  rather  too  high 
than  too  low. 

The  energy  supplied  to  the  motors  is  still  more  difiScult  to 
estimate,  as  the  coupling  of  the  cells  is  continually  altered  from 
two  parallels  to  series,  and  vice  versd.  The  state  of  the  road,  the 
number  of  passengers,  and  the  fancy  of  the  driver  largely  affect 
the  running.  The  drivers  have  instructions  to  always  start  in 
^  jjarallel,"  and  to  use  the  **  seriesj"  or  "  high  speed,"  only  when 
absolutely  necessary.  On  the  whole  these  orders  are  carried  out, 
but  the  personal  equation  upsets  all  uniformity  of  practice.  From 
careful  observations  at  Barking,  and  an  extended  experience  of 
this  class  of  work,  I  estimate  the  electrical  energy  delivered  to 
the  motors  to  average  about  1  e.h.p.-hour  per  car  mile,  or  a  total 
useful  output  of  220  e.h.p.-hours  per  day. 

I  have  stated  my  estimate  of  the  dynamo  output  to  be  some- 
where in  the  neighbourhood  of  450  e.h.p.-hours.  So  the  efficiency 
of  the  accumulators  may  be  assumed  with  reasonable  accuracy  to 
be,  in  this  case,  about  50  per  cent.  It  must  be  borne  in  mind  that 
this  figure  is  necessarily  only  an  approximation ;  but  it  may  be 
fairly  called  an  "  educated  guess." 

It  seems  to  me  probable  that  there  is  a  liability  to  charge  the 
cells  more  than  is  really  required,  owing  to  the  peculiar  conditions 
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Mr.  sneiL  of  Working  at  Barking.  In  the  first  place,  the  engine  is  running 
at  Kttle  more  than  half  its  rated  I.H.P.,  and  so  there  is  a  tendency 
to  "  racing,"  which,  of  course,  means  a  temporary  increase  in  the 
rate  of  charging.  And,  secondly,  owing  to  the  general  character 
and  newness  of  the  work,  the  Electrical  Power  Storage  Company, 
who  are  contractors  for  the  accumulator  maintenance,  have  very 
properly  deemed  it  advisable  to  overcharge  rather  than  otherwise. 
It  would  appear  probable,  however,  that  with  the  present  type  of 
plate  an  eflSciency  of  about  60  per  cent,  could  be  realised  with  a 
large  installation  properly  proportioned  for  the  work  expected. 
In  such  a  case,  assuming  the  combined  dynamo  and  engine 
efficiency  to  be  77  per  cent.,  and  the  aggregated  efficiency  of  the 
motor,  gearing,  and  starting  device  to  be  60  per  cent.,  the  ratio 
between  power  at  car  wheels  and  I.H.P.  of  engines  would  be 
(0-60  X  0-77  X  0-60  =  0*28)  28  per  cent,  nearly.  I  believe  that  the 
trolley  system,  at  present,  does  not  average  more  than  from  25  to 
40  per  cent.,  excepting  on  lines  where  the  conditions  are  excep- 
tionally favourable.  The  Electrical  Power  Storage  Company  are 
continually  making  improvements  in  the  plates,  and  as  they  are 
pleased  to  maintain  the  accumulator  plant  at  a  fixed  rate  per  car 
mile  run,  the  cost  of  traction  by  self-contained  cars  can  now  be 
fixed  with  a  reasonable  degree  of  certainty. 

I  would  like  to  make  a  few  references  to  the  use  of  single  and 
double  motors  in  tram-car  work.  It  seems  to  me  that  in  most 
cases  a  single  motor  is  preferable,  because  it  may  be  made  &r 
more  efficient,  and  there  is  ample  adhesion  in  the  weight  carried 
on  one  pair  of  wheels  for  all  ordinary  grades.  If  inclines  of  more 
than  5  per  cent,  have  to  be  dealt  with,  it  is  advisable  either  to 
couple  the  four  wheels  or  to  use  two  motors.  Since  there 
appears,  as  yet,  to  be  no  simple  and  convenient  way  of  coupling 
the  wheels,  the  double  motor  is  practically  compulsory.  It  is 
urged  sometimes,  as  an  argument  in  favour  of  the  dual  arrange- 
ment, that  if  one  motor  is  disabled  the  other  can  run  the  car 
home.  This  is  true;  but  the  proper  safeguard,  having  due 
regard  to  commercial  considerations,  seems  to  be  the  next  car. 
The  combined  efficiency  of  the  double  motor  and  gearing  must 
be  at  least  from  5  to  10  per  cent,  less  tlmn  that  attainable  with  a 
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siDgle  set.  But  two  motors  have  a  decided  field  in  certain  cases.  Mr  sneu. 
For  instance,  on  a  line  serving  between  a  residential  district  and 
a  town.  Here  the  motors  could  with  advantage  be  coupled  in 
series  within  the  town  boundaries,  and  run  in  parallel  for  high- 
speed service  outside.  Some  discussion  has  taken  place,  too, 
with  reference  to  single,  double-reduction,  and  gearless  motors. 
I  have  had  no  experience  myself  with  gearless  motors,  but  it 
seems  to  me  that  if  the  stoppages  are  not  too  frequent  such 
motors  should  be  better  than  geared  ones.  But  from  the 
aecimiulator  point  of  view  a  double-reduction  motor  is  advisable. 
In  comparison  with  the  single-reduction  it  weighs  less,  requires 
a  smaller  current  at  starting,  and  also  the  net  efficiency  is 
greater.  All  these  points  are  of  the  highest  importance  in 
self-contained  car  traction.  But  if  a  motor  be  used  on  a  light 
railway,  like  the  City  and  Southwark  line,  where  the  stoppages, 
although  numerous,  do  not  occur  so  frequently  as  with  a  tram-car 
service,  probably  a  gearless  motor  may  be  desirable  ;  yet,  judging 
from  my  own  experience  of  motor  work,  I  should  prefer  one  with 
single-reduction  gearing.  After  carefully  weighing  the  results  at 
present  achieved  in  electric  traction,  I  think  the  best  all-round 
service  will  be  obtained  with  single-reduction  motors  for  all 
classes  of  work  excepting  for  accumulator  cars,  where  the  double- 
reduction  is  advisable,  and  possibly  for  express  service  on  railroads 
— ^the  question  now  mooted  in  America,  and  which  will  probably 
be  solved  by  some  form  of  gearless  armature. 

Mr.  B.  W.  Blackwell  :  It  is  scarcely  possible  to  add  to  the  ^j'^j^^^^ 
valuable  fund  of  information  and  statistics  which  Mr.  Keckenzaun 
has  laid  before  you;    but,  having    long  been  connected  with 
electric  tramway  construction  and  operation  in  the  United  States, 
I  would  like  to  emphasise  some  of  the  points  he  has  made. 

Those  unfortunate  pioneers  of  whom  he  spoke,  repeatedly 
made  the  errors  to  which  he  has  called  your  attention.  We 
carefully  worked  out  our  efficiencies,  loads,  and  strains  on  paper, 
and  in  practice  found  that  we  had  under-estimated  everything. 
That  line  of  error  has  now  been  eliminated. 

There  can  be  no  doubt  of  the  immense  practical  advantage 
possessed  by  the  double-motor   truck.     While,  theoretically,  a 
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:r.  greater  economy  may  possibly  be  obtained  by  the  use  of  a  single 

motor,  a  separate  and  independent  machine  for  each  axle  is  the 
only  accepted  American  practice  where  heavy  work  has  to  be  done. 
It  is  possible  that  the  overcrowded  cars,  heavy  grades,  and 
inferior  road  beds— difficulties  imder  which  many  American  lines 
labour — together  with  the  high  speeds  run,  and  the  necessity  of 
successfully  coping  with  snow  and  ice,  have  led  us  to  adopt  a 
power  which  may  seem  to  you  to  be  excessive;  but  I  would 
earnestly  caution  you  against  lightening  weights  or  decreasing 
power  until  the  conditions  of  actual  practice  upon  your  lines  have 
been  definitely  ascertained. 

The  great  question  for  several  years,  and  one  that  is  yet 
undecided,  is  that  of  the  most  efficient  and  durable  transmitting 
gear  between  motor  GLfid  axle.  The  single-reduction  spiir  gear  is 
most  approved,  the  gearless  motor  having  yet  to  demonstrate  its 
superiority.  In  this  connection,  I  regret  that  Mr.  Seckenzaun 
has  not  given  us  a  comparison  of  the  efficiencies  of  the  present 
spur  gear  and  the  worm  gear,  which  he  has  so  long  and  con- 
sistently urged  as  the  most  effective  method  of  transferring 
power  from  motor-shaft  to  axle.  I  freely  acknowledge  that  the 
results  practically  obtained  by  his  use  of  the  latter  form, 
especially  as  regards  durability  and  silent  running,  have  much 
impressed  me,  and  I  would  not  be  surprised  to  see  it  take  first 
place  in  the  near  future. 

With  regard  to  the  figures  that  have  been  laid  before  us, 
I  would  say  that  too  much  importance  should  not  be  given  to 
the  apparent  difference  in  the  operating  expenses  of  various 
roads.  To  secure  an  average  figure  that  will  apply  to  all  cases 
is  impossible  in  tramway  work.  Widely  varying  local  conditions 
must  give  varying  results,  and  of  two  lines,  one  working  at 
twice  the  expense  per  "  car  mile ''  of  the  other,  the  one  at  the 
highest  apparent  cost  may  easily  be  the  best  paying  property. 
The  true  test  is  to  compare  the  working  expenses  of  the  same 
line  when  run  by  horse  power  and  electric  power  in  turn.  I 
have  no  figures  at  hand  that  I  can  quote  to  you,  but  I  know  that 
no  line  in  America  which  has. seen  fit  to  so  change  its  motive 
power  has  had  to  regret  its  action.     In   every  case  increased 
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economy  and  effici^iej,  larger  dividends,  mi  greater  public  con-  Mr. 
venience  have  resulted  from  suoh  cbftnges.  The  public  has 
tboroughly  supported  those  traaMrays  which  have  introduced 
electricity,  and  has  rewarded  tbeir  enterprise  by  greatly  increased 
patronage.  Upon  two  bjoanches  of  the  Boston  line  the  use  of 
electric  cars  increased  the  passenger  traffic  by  30  and  70  per 
-cent,  respectively. 

The  quMtion  of  interference  with  telephonic  service,  to  which 
>fr.  Manville  referred,  has  been  met  and  definitely  decided  in 
Atnerica.  The  telephone  companies  have  been  beaten  in  every 
case^  In  this  connection,  I  would  say  that  the  use  of  a  double 
set  of  elevated  conductors  for  tramway  service  is  a  commercial 
impossibility,  always  inefficient,  and  unsightly  to  the  last  degree. 
That  electric  traction  will  receive  the  same  acceptance  here 
that  it  has  already  gained  across  the  water  I  do  not  doubt. 
While  I  have  heard  a  great  deal  said  about  how  much  we  have 
been  ahead  of  you  in  this  field,  I  may  be  permitted  to  say  that 
I  think  you  have  lost  Uttle  by  your  conservatism.  We  have 
preceded  you  because  our  needs  were  greater.  The  experience 
gained  by  the  successful  equipment  and  operation  of  3,000  miles 
of  track  and  6,000  cars  is  at  your  disposal,  and  when  you  begin 
active  work  in  England  you  can  have  no  doubt  of  immediate 
and  thorough  success.  The  monumental  scrap-heaps  which  we 
erected  in  the  early  days,  the  uncertainty  that  attended  every 
trial, — all  the  innumerable  vexations  that  fell  to  our  lot  in  1883 
to  1889, — are  spared  you. 

Our  most  conservative  cities  have  been  forced  to  accept  the 
electric  tram,  even  accompanied  by  the  elevated  conductor,  so 
loudly  condemned  when  first  suggested.  Boston  is  spending  two 
million  pounds  on  electric  traction,  and  has  70  miles  of  track 
already  in  operation ;  Brooklyn  has  just  given  out  contracts  for  a 
total  of  1,200  motor  cars ;  and  even  quiet  Philadelphia  has  granted 
permission  for  the  use  of  the  electric  cars  upon  its  many  lines. 
In  the  short  space  of  three  years  the  electric  tramway,  from 
being  regarded  as  the  dream  of  a  few  enthusiasts,  has  reached 
the  position  of  a  great  recognised  industry,  with  an  investment  of 
at  least  twenty  million  sterling. 
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It  was  in  1887,  I  think,  when  few  of  our  tramway  managers 
had  ever  seen  an  electric  car,  that  Mr.  Beckenzaun  gave  us 
"  go-ahead  "  Americans  a  practical  demonstration  of  how  to  boom 
electric  traction,  by  appearing  at  the  Street  Railway  Convention 
in  Philadelphia  to  explain  his  views,  with  one  of  his  own  cars 
outside  the  door,  uppn  which  he  invited  the  delegates  to  take 
trips  about  the  city.  I  but  express  the  feeling  of  American 
electricians  in  acknowledging  our  indebtedness  to  him  for  his 
years  of  earnest  advocacy  of  the  advantages  of  electric  motor 
power,  upon  which  subject  his  extensive  experience  so  well 
qualifies  him  to  speak  authoritatively.  To  Professors  Ayrton  and 
Perry,  the  results  of  whose  exhaustive  researches  were  at  our 
disix)sal  Ipng  before  any  belief  in  electric  traction  had  dawned 
upon  the  public  mind, — to  Professor  Forbes,  to  whom  we  owe 
that  most  important  practical  improvement,  which  did  away  with 
so  many  vexatious  difficulties,  the  carbon  brush, — ^and  to  other 
members  of  your  Institution  for  work  done  in  the  same  field, — 
our  best  thanks  are  also  due. 

Mr.  G.  H.  CoNDiCT :  It  is  with  great  pleasure  that  I  take  this 
opportunity  of  thanking  Mr.  Beckenzaun  for  the  most  admirable 
paper  he  read  to  us  a  fortnight  ago.  One  or  two  points  I  would 
like  to  speak  of.  First,  Mr.  Beckenzaun  mentions  his  previous 
suggestion  of  putting  accumulators  in  with  an  overhead  system  as 
regulators.  I  think  that  suggestion  is  a  most  excellent  one.  I 
have  been  in  the  business  for  a  long  time,  and  understand  what 
great  variations  of  current  the  dynamo  and  engine  have  to  over- 
come, and  I  think  that  if  that  suggestion  were  to  be  adopted  in 
large  plants  it  would  be  a  great  improvement. 

Another  point  is  the  regulation  of  the  speed  of  motors  on 
tram-cars  by  various  combinations  of  the  coils  into  which  the 
field  magnets  are  subdivided.  In  Philadephia  this  system  of 
regulation  was  used,  and  in  some  instances  we  even  went  so 
fax  as  to  divide  the  armature  also,  putting  on  two  commutators, 
by  means  of  which  at  one  time  the  two  halves  were  used  in  series, 
and  at  another  time  in  parallel,  giving  most  excellent  results. 

A  few  fiEU5ts  from  the  running  of  the  Lehigh  Avenue  Bailway 
Company's  road  in  Philadelphia  may  be  interesting.      I  was  for 
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nine  months  manager  of  that  road,  and  have  great  reason  to  Mr. 
remember  the  joys  and  the  miseries  that  were  experienced  at  that 
time.  The  road  is  3^15  miles  in  length — 6*3  miles  for  the  round 
trip.  We  had  six  accomulator  cars,  one  22  feet  in  body,  30  feet 
over  all,  and  the  others  ordinary  16-foot  tram-cars ;  and  when  I 
tell  you  that  we  often  carried  80,  and  sometimes  100,  people  on 
the  16-foot  cars — at  one  time  as  many  as  115  managed  to  get  on 
— ^you  can  see  what  was  accomplished.  The  road  was  rough  and 
hilly.  About  200  feet  were  level,  the  rest  grade.  The  grades 
were  mostly  2,  3,  and  4  per  cent.,  with  a  maximum  of  5  per  cent. 
We  began  operating  under  great  difficulties  with  regard  to  motors, 
which  at  first  were  not  adapted  to  the  work.  We  thought  they 
were,  but  very  soon  found  they  were  not,  as  in  two  weeks  five  out 
of  the  six  cars  were  laid  up.  The  16-foot  cars  carried  100 
accumulators,  and  the  average  current  used  was  about  30  or  35 
ampere-hours  per  trip  of  6*3  miles,  the  weather  and  the  number 
of  passengers  making  the  variation. 

The  subject  of  gearing  has  been  brought  before  you  to-night. 
I  would  like  to  add  one  or  two  words.  Mr.  Blackwell  spoke  about 
worm  gearing.  Our  cars  were  equipped  with  worm  gearing,  and 
we  had  most  excellent  results.  We  know  what  double-reduction 
gearing  means :  you  can  hear  the  cars  almost  half  a  mile  off. 
One  of  the  greatest  objections  urged  against  the  electric  tram-car 
system  is  the  noise  made  by  the  gearing ;  so  that  the  question  of 
noiseless  gearing  is  of  great  importance.  Tram-cars  on  which 
worm  gearing  is  used  make  no  more  noise  than  horse  cars.  We 
were  told  we  should  not  get  any  efficiency,  and  some  engineers 
said  that  we  would  not  be  able  to  run  at  all.  We  made  some 
Prony  brake  tests  with  the  gearing  we  had  in  use,  and  found 
that  with  ordinary  loads  and  speeds,  such  as  employed  on 
Lehigh  Avenue,  the  efficiency  of  worm  gear  was  from  75  to 
90  per  cent.  We  were  greatly  astonished  and  delighted  at  these 
results.  In  comparison  with  both  the  double-reduction  and  the 
single-reduction  gear  the  worm  wheel  certainly  came  out  very 
well,  the  efficiency  being  better  than  that  of  the  former,  and  at 
least  as  good  as  that  of  the  latter.  The  traffic  on  this  line  was 
very  uneven.     The  road  ran  for  a  great  portion  of  the  way 
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condict  ^trough  the  op^n  country,  connecting  two  built-«p  portions  of  the 
city  of  Philadelphia,  and  most  of  the  time  we  carried  very  few 
people;  but  on  Smidays  and  holidays  the  tramKsars  could  not 
begin  to  carry  the  tremendous  crowds.  Each  car  weighed  about 
5,000  lbs.,  the  motors  and  gearing  about  5,000  lbs.,  and  the 
batteries  about  5,000  lbs.— a  total  of  about  15,000  lbs. ;  80 
passengers  added  12,000  lbs.  more;  making  in  all  27,000. lbs. 
From  50  to  65  tninutes  were  allowed  for  the  round  trip  of  6*3 
miles;  and  while  there  were  occasional  breakdowns,  and  the 
tram-cars  did  not  always  get  in  on  time,  still  the  road  was  most 
successfully  operated  during  the  nine  months.  The  total  number 
of  passengers  carried  during  that  time  was  about  336,000,  and 
the  total  number  of  miles  run  was  about  50,000. 

Mr.  jMnnMi.  Mr.  A.  J.  Jasman:  I  have  Iktened  with  considerable  interest 
to  what  has  been  said  with  regard  to  accumulator  traction,  and 
also  to  direct-current  working.  As  no  doubt  most  of  you  know, 
my  name  has  been  associated  with  accumulator  traction  for  some 
years  past,  and  I  can  only  say  this,  after  working  for  some 
considerable  time  with  them :  that  they  have  proved  themselves 
a  success,  and  that  they  show  they  can  pay  better  than  horse 
traction — at  least,  on  the  lines  on  which  we  are  working. 
Tramways  in  this  country,  I  think,  can  be  classed  under  two 
heads :  there  are  those  that  pay,  and  those  that  do  not.  Those 
that  pay  do  not  feel  disposed  to  alter  their  mode  of  traction, 
and  those  that  do  not  cannot  make  the  alteration  because  they 
have  spent  their  money.  Now  it  is  upon  some  of  these  lines,  it 
seems  to  me,  there  has  been,  and  is,  an  opportunity  for  working 
accumulator  cars,  because  you  do  not  ask  them  to  make  any 
alteration  in  their  outfit, — you  do  not  alter  their  line.  A  great 
deal  depends  on  the  accimiulator — ^its  first  cost  and  its  lasting 
qualities.  Bespecting  the  number  of  passengers  these  accumu- 
lator cars  are  capable  of  carrying,  I  can  say  at  the  present  time 
upon  a  44-passenger  car  we  often  carry  84  passengers,  and  I  can 
quite  agree  with  the  gentleman  who  spoke  just  now  as  to  the 
number  of  passengers  you  can  carry  upon  these  electric  cars. 

There  are  many  persons  who  may  not  have  ridden   on   a 
tram-car  before :  they  satisfy  themselves  as  to  the  easy  riding. 

Digitized  byVjOOQlC 


1892.]  DISCUSSION.  333 

and  comfort,  and  speed ;  and  once  you  obtain  those  passengers,  Mr.  Jarman. 
whether  from  novelty  or  not,  they  most  of  them  become  regular 
riders ;  and  so  the  earnings  increase  where  electric  cars  are  used. 
With  regard  to  the  grades  on  which  accumulator  cars  can  work, 
we  often  ascend  at  the  present  moment  inclines  of  1  foot  in 
16 ;  and  this  has  been  done  over  and  over  again  with  68 
passengers  on  the  car.  One  great  thing  is  to  have  a  good 
accumulator.  Whatever  may  have  been  done  in  years  gone  by  is 
not  quite  the  thing  to  take  to  judge  of  accumulators  at  the 
present  moment.  After  working  for  some  months  with  accumu- 
lators— some  of  the  Electrical  Power  Storage  Company's,  and  some 
of  my  own  design  and  make — ^I  can  say  this :  we  have  not  yet  had 
any  trouble  with  any  of  them.  One  reason  why,  is  the  fact  that 
we  use  a  double  motor.  By  so  doing  we  are  able  to  double  the 
resistance.  We  reduce  the  current  to  half,  although  we  reduce 
our  rate  to  half  in  starting.  A  test  of  the  motor  with  a  single 
armature  and  30  amperes  gave  a  torque  of  60  lbs. ;  50  amperes, 
a  torque  of  97  lbs. ;  and  28  amperes,  motors  coupled  in  series, 
117  lbs.    That  is  to  say,  the  torque  is  really  doubled. 

This  is  where  the  strata  comes  upon  the  accumulator ;  this  is 
where  the  plates  commence  to  give  way.  But  if  you  employ 
them  in  the  way  I  menticm,  it  makes  all  the  dlGference  in  the 
world  in  starting.  I  did  hope  to  hear  something  more  from 
Mr.  Seckenzaun  upon  accumulator  cars.  Perhaps  this  was  not 
quite  the  subject  that  particularly  refers  to  the  diagrams,  but  I 
have  always  looked  on  Mr.  Beckenzaun  as  one  of  the  highest  ' 
authorities  in  this  country  on  accumulator  cars.  I  can  only  say 
this  much :  you  could  not  take  one  line  and  say  that  should  be 
the  standard  for  all  others.  Every  line,  you  might  say,  would 
differ.  At  the  present  moment,  upon  one  line  for  a  mile  the 
base  of  the  groove  is  semicircular,  and  for  the  remaining  distance 
it  is  ovoid  on  one  side  of.  the  groove  only.  This  makes  a  lot  of 
difference  to  the  wear  of  the  flange  of  the  wheel.  If  a  line  is 
kept  thoroughly  wetted,  the  amount  of  power  used  is  about  half 
what  it  is  if  dry.  But  you  have  to  keep  time.  In  working 
motors  to  gain  time,  we  couple  them  in  parallel  by  means  of  the 
switch.     If  we  climb  a  hill,  the  motors  work  in  series.     This  is 
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Mr.  Jannan.  the  Diost  economical  way  to  employ  the  motors  for  ascending 
inclines.  But  I  might  also  mention  that  in  working  these  cars 
by  accumulators  one  very  important  point  has  to  be  considered, 
and  that  is  the  primary  cost  of  working.  Now  we  find  by 
weight  of  fuel,  upon  days  when  it  is  wet  we  do  not  quite  reach 
l^d.  per  mile  for  coke  to  drive  the  car  1  mile  on  the  road; 
but  when  the  road  is  dry  we  reach  IJd.  per  mile  for  coke 
consumption,  or  a  little  over  that.  You  know  tramway  people 
have  many  diflSculties  to  contend  with.  One  gentleman  some 
time  ago,  at  a  meeting  of  the  Tramways  Institute,  discussing  this 
mutter,  said :  "  You  must  understand  we  know  nothing  about 
"  these  volts  and  amperes.  We  do  know  how  to  measure  up  a 
"  bushel  of  oats  for  the  horses,  and  can  tell  exactly  what  it  is 
"  worth.  What  we  want  to  know  is,  will  it  pay  ?  If  this  can  be 
"  13roved  beyond  doubt,  then  we  should  be  very  glad  to  adopt  the 
"  self-contained  cars." 

I  hope  at  some  future  time  to  bring  some  more  figures 
before  you  based  on  actual  facts  in  everyday  working. 

The  President  :  Can  you  tell  us  before  sitting  down  exactly 
what  has  been  by  experience  the  cost  per  car  mile  carrying  some 
definite  number  of  passengers,  including  the  cost  of  renewal  of 
accumulators,  for  a  period  of  a  year  or  two  ? 

Mr.  Jarman:  The  cars,  or  the  accumulators,  have  not  been 
running  that  time  yet,  therefore  I  can  only  give  you  the  cost  of 
fuel.  Some  of  the  accumulators  have  been  running  experiment- 
ally two  years,  and  we  have  not  renewed  a  single  one  yet.  I 
attribute  that  a  great  deal  to  not  using  an  excessive  discharge  in 
starting.  You  can  start  with  ease  with  a  small  current,  as  well  as 
rapidly  with  a  large  one.  It  is  here  where  the  destruction 
comes  in. 

Mr.  seiion.  Mr.  S.  Sellon  :  Hemmed  in  as  I  am  by  so  many  electrical 
experts,  I  hesitate  to  criticise  Mr.  Beckenzaun's  paper  upon 
electrical  grounds.  There  are,  however,  one  or  two  points  in  the 
statistics  he  has  given  us  which  we  might  perhaps  ask  him 
to  reconsider.  One  is  with  regard  to  the  Blackpool  line.  I 
notice  that  he  rather  fell  foul  of  me  with  regard  to  some  remarks 
I. made  about  the  Blackpool,  and  I  shall,  if  possible,  try  to  answer 
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him.  He  states  that  the  Blackpool  is  at  present  working  at  some-  Mr.  seiion. 
thing  like  57  per  cent,  of  the  gross  receipts.  If  you  look  into  the 
Blackpool  balance-sheet,  you  will  notice  there  are  one  or  two  items 
given  which  should  not  be  included  in  the  working  expenses  of  a 
tramway.  For  instance,  you  find  he  gives  a  certain  percentage, 
•which  he  puts  down  here  at  1'773,  for  the  rent  of  the  line. 

Mr.  Reckenzaun  :  That  is  mentioned  specially  in  the  body  of 
the  paper,  with  some  other  items. 

Mr.  Sellon  :  That,  taken  as  a  whole,  amounts  to  £723  a  year 
paid  to  the  Corporation  for  the  rent  of  the  line.  Some  little 
time  ago,  in  another  case,  Sir  George  Bruce  and  I  came  to  the 
conclusion  that  at  least  £150  should  be  taken  off  the  directors' 
and  secretarial  charges  at  present  charged  to  revenue,  and 
placed  to  the  capital  account.  These  two  sums  together 
amount  to  £873,  which,  when  deducted  from  the  expenses  of  the 
company,  reduce  the  working  gross  expenditure  to  43' 1  per  cent. 
Still  further  in  favour  of  the  Blackpool  Tramway,  you  must 
remember  that  for  a  great  part  of  the  year  it  is  worked  at  a  dead 
loss :  at  least  for  two  months  in  the  year  the  expenditure  is  over 
the  receipts ;  and  you  will  also  find  that  during  the  six  months 
from  April  to  September  the  gross  receipts  are  £5,575,  and  the 
cost  of  management  and  other  expenses  £1,524,  being  27'33  per 
cent,  of  the  gross  receipts.  This  is  an  extraordinarily  low  item, 
and  allowing  for  the  proportionate  deductions  already  referred  to, 
the  working  expenditure  is  reduced  to  25*90  per  cent. 

I  simply  put  this  forward  as  a  correction  to  Mr.  Reckenzaun's 
paper,  to  which  I  trust  he  will,  if  possible,  give  me  an  answer. 
The  other  remark  I  would  make  is  with  regard  to  accumulator 
traction,  which  is  of  interest  to  us  tramway  engineers.  Some  little 
time  ago  I  tried,  by  means  of  making  a  direct  charge  against  the 
accumulator  companies,  to  get  some  idea  of  what  the  real  working 
cost  of  the  accumulator  system  at  the  present  day  really  is.  I  am 
sorry  to  say,  although  I  thought  I  put  a  very  good  bombshell  into 
their  midst,  I  got  very  little  reply.  The  only  bold  criticism 
was  from  Mr.  Carruthers  Wain,  whom  we  all  know  as  a  director  of 
several  tramways— among  others,  of  the  Birmingham  Central,  where 
the  accumulator  system  is  in  use.     In  answer  to  my  charge  that 
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Mr.  seiion.  accumulatoFs  Were  working  at  an)rthing  from  100  to  200  per  cent^ 
depreciation,  he  made  the  statement  that  I  was  entirely  wrong, 
because  his  cars  have  worked  one  set  of  accumulators  for 
785  discharges,  or  4,000  odd  miles,  without  renewal.  Not  being 
a  mathematician,  I  did  not  take  the  trouble  to  find  out  by  calcu- 
lation what  this  vague  statement  meant;  but  my  friend  Mr. 
Swinburne  is,  and  since  I  l^ave  been  in  the  room  he  has  kindly 
done  so  for  me,  and  finds,  on  Mr.  Wain's  own  figures,  that  the 
depreciation  at  Birmingham  at  the  present  moment  is  91*72  per 
cent.,  which  amount  he  is  further  good  enough  to  add  will  be 
slightly  increased  during  leap  year. 

Mr.  Mr,  Ckompton  :  I  believe  the  chief  difficulty  which  still  exists 

Cronipton. 

in  the  practical  application  of  accumulators  as  a  means  of  driving 
electrical  tram-cars  is  that  of  protecting  them  from  the  eflFects  of 
vibration.  It  is  only  in  this  manner  that  we  can  account  for  the 
fact  that  on  the  whole  the  observed  wear  and  tear  of  accumulators 
used  in  tram-cars  has  been  so  much  greater  than  when  they  are 
used  for  electric  lighting  purposes.  My  own  experience  tends  to 
show  that  accumulators  that  are  regularly  charged  and  discharged^ 
such  as  in  the  case  of  those  used  for  tram-cars,  ought  to  keep  in 
better  order  and  cost  less  for  repairs  than  those  used  for  lighting 
purposes,  in  which  the  conditions  of  charging  and  discharging 
cannot  be  so  regular ;  but  in  spite  of  this  the  amount  of  deposit 
in  the  bottom  of  the  containing  cells  is  notably  greater  in  tram-oar 
work  than  in  electric  lighting  work.  If  I  am  right  in  this,  the 
direction  in  which  we  can  hope  for  improvement  is  in  the  method 
of  protecting  the  cells  themselves  from  vibration,  either  by 
mounting  their  containing  boxes  on  separate  springs,  or  by 
increasing  the  easy  running  of  the  tramway  locomotive  itself.  It 
cannot  be  too  clearly  understood  that  although  accumulators  in 
the  past  have  not  financially  been  so  successful  as  the  other  fonns^ 
of  electric  traction  by  overhead  wires,  and  by  the  slotted  culvert 
system,  yet  there  is  no  doubt  they  offer  such  peculiar  advantages 
in  allowing  of  the  application  of  electric  propulsion  on  tramways 
situated  in  crowded  thoroughfares  that  the  laws  governing  their 
economical  use  for  this  purpose  deserve  the  most  careful  study 
—  and  attention,  as  there  is  no  reason  why  an  electrical  tramway 
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system  should  not  be  worked  with  the  two  systems  of  locomotives,  Mr 
those  canying  accumulators  working  the  central  and  more  crowded 
portion  of  the  city,  and  those  worked  by  overhead  lines  or  under- 
ground conductors  for  the  suburban  and  less  frequented  portions 
of  the  streets. 

Mr.  A.  P.  Trotter  :  Electric  traction  seems  to  be  made  up  of  ^r.  Trotter, 
very  important  mechanical  points,  such  as  equipment  of  fly- 
wheels and  governors  for  the  steam  engine,  reduction  gears,  and 
the  proper  sections  of  wheels  and  rails,  and  so  forth.  These  load 
diagrams  seem  to  be  peculiarly  instructive,  both  to  those  who  are 
interested  in  direct  driving,  and  to  those  who  are  concerned  with 
accumulator  traction.  The  highest  point  shows  those  who  are 
driving  direct  from  dynamos,  the  maximum  loads  they  must 
expect  to  carry,  and  the  slope  of  the  curve  shows  them  what  must 
be  expected  from  the  governor,  and  the  closeness  of  the  peaks 
together  shows  to  what  extent  the  fly-wheel  will  be  beneficial. 
On  the  other  hand,  the  load  curves  are  exceedingly  useful  for 
accumulator  work,  as  showing  what  actually  the  demand  is  in 
ampere-hours.  I  had  occasion  some  time  ago  to  make  a  test  of 
accumulator  traction,  and  obtained  a  curve  very  similar  to  those 
given  in  Mr.  Seckenzaun's  paper.  Of  course  the  readings  should 
be  taken  as  quickly  as  it  is  possible  to  write  them  down ;  it  is 
better  for  one  to  call  them  out  and  another  to  put  them  down. 
The  real  output  in  ampere-hours  is  a  very  important  matter  in 
accumulator  traction.  I  at  first  tried  to  convert  all  the  triangles 
into  rectangles,  and  smooth  the  whole  curve  down  to  the  mean.  I 
afterwards  used  a  planimeter,  and,  though  it  was  difficult  to  trace 
over  all  the  peaks,  the  total  came  to  about  the  same,  making  a 
load  factor  of  about  30  per  cent.  I  also  traced  the  curve  upon  a 
sheet  of  thick  oil  paper,  such  as  is  used  in  the  copying  press.  It 
is  a  singularly  uniform  paper,  quite  transparent  enough  to  trace, 
and  very  heavy.  I  cut  out  the  curve  with  a  penknife  and  weighed 
the  pieces,  and  obtained  a  result  agreeing  well  with  the  others. 
The  weight  of  the  whole  circumscribed  rectangle  represents  a 
certain  number  of  ampere-hours,  and  the  ratio  of  the  weights  of 
the  two  pieces  gives  the  load  factor. 

Mr.  P.  W.  WiLLANS :  I  came  down  rather  to  listen  than  to  say  Mr.  wauwa. 
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Mr.  wiiians.  anything,  but  the  problem  of  electric  traction  seems  to  involve 
some  interesting  steam  engine  questions.    I  should  think,  looking 
at  those  diagrams,  that  about  30  per  cent,  is  the  load  fsLctor. 
That  must  necessarily  be  a  very  wasteful  way  of  working,  and  if 
it  can  be  avoided,  of  course  it  would  be  a  very  good  thing.    In 
many  of  the  technical  i>apers  in   the  States  I  see  a  good  deal 
has  been  said  about  the   wastefulness  of  compound  engines  for 
electric    tramway   working,  as   compared    with    single   engines. 
There  seems  to  be  a  popular  impression  that  the  compound  engine 
is  a  bad  engine  at  light  loads ;  but  this  is  not  the  case — ^that  is, 
if  the  engines  have  the  same  final  cylinder  capacity.     In  this 
case  the   compound  engine  at  light  loads  has  about  the  same 
advantage  as  it  has  at  full  loads.     But  the  difficulty  is — assmning 
the  governor  to  control  the  cut-off,  which  appears  to  be  desirable 
for   tramway  work — the    power   in   a  simple   engine — i.6.,  the 
maximum  power — is  limited  only  by  the  power  of  letting  the 
steam  in  for  the  extreme  length  of  the  stroke.     In  the  compound 
engine  it  is  limited  by  the  power  to  admit  the  steam  for  the 
whole  stroke  of  the   H.P.  piston — a  very  different  matter.    So 
in  a  simple  engine  you  get  the  power  due  to  the  admission  from 
the  whole  stroke ;  in  the  compound  engine  you  must  have  two  or 
three  expansions  at   the  least.     The   effect  of  this  is  that  the 
compound  must  be  a  larger  engine :  if  the  same  maximum  power 
is  required,  and  if  you  rely  on  the  cylinders  to  start  the  cars  from 
the  state  of  rest,  you  must  enlarge  the  engine.     The  effect  of 
this  is,  that  you  get  an  engine  which  is  necessarily  more  wasteful 
at  light  loads.     That  is  the  sole  reason  why  compound  engines 
have  shown  up  badly  in  this  sort  of  work.     But   I  think  we 
ought  not  to  rely  upon  the  cylinders  entirely.     Mr.  Keckenzaun 
in  his  paper  mentioned  a  case  in  which  the  governor  had  not 
"time  to  act."      If  the  machine  has  time  to  run   slower,  the 
governor  must  have  time  to  act.     It  is  not  that  at  all.    The 
governor  does  not  turn  the  engine  round.     The  real  point  is, 
that  for  this  starting  power  something  more  than  a  governor  is 
required. 

I  was  struck  by  what  Mr.  Graff  Baker  said.    He  could  not  get  an 
_  engine  well  enough  governed  in  this  country,  so  he  brought  one  over 
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from  America,  and  its  most  marked  feature  was  a  12-ton  %-wheel.  Mr.  wiiians. 

This  is  undoubtedly  a  move  in  the  right  direction.    If  economy 

is  a  consideration,  the  starting  must  be  done  by  storage ;  and  if 

accumulators   will  not  work,  it  must  be  done  by  mechanical 

storage  in  some  way  or  another.      We  may  have  a  very  large 

fly-wheel  on  the  engine,  and  a  governor  able  to  admit  steam  the 

whole  stroke — in  other  words,  a  simple  engine.  That  seems  to  imply 

considerable  waste,  and  it  would  seem  to  me  desirable  to  employ 

a  fly-wheel  so  heavy  that  a  compound  engine  can  be  used.     Of 

course  even  then  a  very  large  part  of  the  power,  while  the  motot 

18  being  put  in  motion,  must  be  wasted  in  the  leads,  as  well  as 

what  is  lost  necessarily  in  the  motor  itself.     This  loss  in  the 

leads  can  be,  to  some  extent,  reduced  by  using  a  running  motor 

on  the  car,  and  starting  from  that  by  some  system  of  friction 

gearing,  or  equivalent  device  of  that  kind.    This  would  have  the 

advantage  that  you  would  have  a  great  deal  of  energy  stored  on 

the  car,  and  you  would  not  waste  so  much  power  in  the  leads. 

I  have  not  gone  suflSciently  into  it  to  know  how  fer  the  practical 

difficulties  of  that  plan  may  have  weight,  but  there  is  no  question 

that  the  heavy  fly-wheel  and  compound  engine  is  the  right  thing 

for  economy.     The  problem  is  how  to  equalise  the  power  excited 

by  the  engine  and  so  avoid  a  low  load  factor,  and  to  do  this  the 

starting  power  should  be  stored  by  degrees  and  without  the 

sudden  jumps  shown  on  the  diagrams ;  and  this  energy,  after  being 

^red,  should  be,  as  it  were,  transferred  to  the  car,  the  engine 

power  being  increased  as  Uttle  as  possible. 

Mr.  SwiNBUKNE :  I  would  like  those  who  have  had  special  ex-  Mr. 

_  ,    .  ,  1  Swinburne. 

penence  m  tramway  work  to  explain  why  such  enormous  motor 
power  is  needed.  It  seems  as  if  the  gear  ordinarily  used  must  be 
very  ineffidient.  If  two  horses  can  draw  a  car,  a  two-horse  motor 
loight  be  expected  to  do  so.  The  horses  can  exert  a  large  pull  at 
starting,  so  also  can  a  two-horse-power  motor.  Of  course  I  am 
]^re  assuming  that  the  car,  load,  and  speed  are  the  same  in  both 
cases.  The  old  Elieson  tram  engine,  ftdl  of  batteries,  with  its 
absurd  motor  gear,  used  to  draw  a  car  up  a  fiurly  steep  hill  with 
only  10  horse-power  from  the  cells. 

Mr.  Field  told  me  some  two  years  ago  that  he  ran  cars  with 
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Mr.  a  two-horse  motor.    The  motor  was  coupled  to  the  axles  by  little 

Swinburne. 

coupling  rods,  the  centres  bemg  on  the  same  level.  Ry  this 
means  the  jar  of  the  road  is  not  communicated  to  the  motor, 
and  the  coupling  gear  has  the  highest  possible  efficiency. 

The  plan  which  Mr,  Willans  advocates,  of  running  tie 
motor  loose  when  the  load  is  off,  was  suggested  by  me  some  nine 
years  ago,  but  it  is  not  of  much  use  for  tram-cars.  It  saves  the 
energy  of  inertia  of  the  motor,  and  nothing  more.  The  power 
ordinarily  spent  on  the  extra  resistances  would  be  spent  at  the 
friction  gear  instead,  and  this  is  not  an  advantage. 

There  is  thus  a  great  opening  for  a  reasonably  efficient  variable 
ratio  speed-reducing  gear. 
Mr^Recken-  Mr.  Reckenzaun  :  I  wiU  take  the  various  remarks  aericUm  m 
they  occurred.  Mr.  McMahon  opened  the  discussion  a  fortnight 
ago,  telling  us  he  found,  since  running  with  compound  dynamos 
on  the  City  and  South  London  line,  that  he  was  able  to  keep  the 
current  within  a  range  of  420  to  500  volts.  I  am  very  pleased 
to  know  that  such  was  the  case.  When  I  had  the  opportunity 
of  seeing  the  central  station  at  Stockwell  a  year  ago,  it  varied 
very  much.  With  reference  to  the  ampere  readings  on  the  cars 
on  the  underground  railway,  the  load  diagram,  of  course,  can 
come  out  in  a  railway  having  fixed  stopping  places,  much  better 
than  on  a  tramway.  In  the  case  of  the  underground  electric 
railway  there  are  not  only  fixed  stopping  places,  but  signals  are 
so  arranged  that  very  seldom  more  than  two  trains  need  be  started 
simultaneously.  In  the  case  of  tramways  a  large  number  may 
often  start  simultaneously.  The  car  service  cannot  possibly 
arrange  itself  according  to  any  schedule  time:  they  have  to 
stop  whenever  a  passenger  wants  to  get  on  or  off.  It  wooM 
have  been  very  interesting  if  Mr.  McMahon  had  brought  one  of 
the  diagrams  he  spoke  of. 

I  sympathise  very  much  with  Mr.  Graff  Baker  in  the  diffi- 
culties on  the  Roundhay  Tramway.  He  has  had  to  go  over 
new  groimd,  and  under  new  conditions.  For  this  very  reason 
he  would  have  done  very  much  better  to  have  attached  an 
English  engineer  to  his  American  staff.  Since  then  all  that  is 
remedied,  and  I  only  wish  him  success.     Roundhay  is  ft  ^7 


Digitized  by 


Googk 


1892.]  DISCUSSION.  341 

popular  line,  and  should  be  as  successful  as  other  similar  Mr.  Recken- 
enterprises — ^at  least,  we  hope  it  will  be.  Mr,  Baker  seems  **^"' 
to  be  under  the  impression  that,  since  the  average  horse-power 
used  on  the  line  is  75,  therefore  200  H,P.  is  very  much 
too  large.  But  if  we  take  the  load  diagram  which  I  have 
obtained  from  one  of  the  oiScials  of  the  Roundhay  Tramway, 
we  find  the  highest  peak  represents  160  E.H.P.,  which  would 
be  given  off  by  about  180  I.H.P.  This  shows  that  his  engine 
is  not  very  much  too  large. 

Mr.  Dolby  suggested  starting  the  motors  empty.  But  this 
does  not  get  over  the  difficulty  of  the  necessary  large  initial 
current.  Some  ten  years  ago  I  experimented  in  that  direction. 
I  had  a  chain  gear,  and  upon  the  counter-shaft  put  a  fly-wheel 
weighing  about  150  lbs.,  so  that  I  had  not  only  the  momentum  of 
the  armature,  which  was  started  empty,  but  also  the  fly-wheel 
and  the  gearing  connected  with  it;  and  there  was  a  friction 
clutch  which  threw  the  car  wheels  in  gear.  I  found  invariably 
that,  directly  I  had  put  the  friction  clutch  in,  the  whole  motor 
ahnost  stopped,  and  the  current  rose  much  as  it  would  have  done 
if  I  had  not  the  fly-wheel.  The  momentum  stored  up  in  that 
fly-wheel  was  not  sufficient  to  start  the  car,  and  of  course  we 
could  not  think  of  making  the  fly-wheel  sufficiently  large  to  do 
80.    This  may  also  answer  the  remarks  of  Mr.  Willans. 

Mr.  Russell  gave  us  some  very  interesting  information  respect- 
ing the  Schevening  line,  and  of  a  car  weighing  loaded  17  tons,  and 
empty  14  tons.  That  represents  a  very  small  paying  load.  He 
also  asked  the  weight  of  the  American  cars  from  which  these 
particular  diagrams  were  taken.  Those  cars  were,  when  the 
experiments  were  made,  9  tons  in  weight,  including  passengers. 
The  cars  of  the  Frankfort-Offenbach  line  are  8  J  tons  in  weight. 

Mr.  Snell's  load  diagram  is  very  similar  to  mine.  Mr.  Snell 
found  that  the  period  of  no  current  was  about  30  per  cent,  of  the 
total ;  in  the  case  of  my  car  it  was  about  45  per  cent,  of  the  whole. 
I  will  explain  why  that  is  so.  Philadelphia,  like  most  American 
cities,  is  built  in  square  blocks,  about  500  feet  to  a  block.  The 
streets  are  at  right  angles,  and  the  tramways  are  at  right 
angle?.      We   had  to   cut  off  our   current  before   reaching   a 
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Mr.  Reoken-  cFossing,  in  order  to  be  always  ready  to  stop.  The  energy 
consumed,  according,  to  Mr.  Snell's  figures,  is  1  h.p.-hour  per 
car  mile.  It  was  1*1  in  the  case  of  my  figures,  so  there  is  very 
little  diflference  in  the  energy  consumed. 

With  reference  to  the  question  of  single  versus  double  motors, 
all  American  tramways,  or  nearly  all  of  them,  have  adopted  double 
motors,  for  several  reasons.  One  is,  that  they  have  a  margin : 
in  case  of  one  motor  breaking  down,  the  other  can  bring  the 
car  home.  Secondly,  the  regulation  of  speed  is  much  easier. 
Thirdly,  it  is  better  to  propel  two  axles  than  to  propel  one, 
especially  on  lines  with  serious  gradients.  Now,  if  we  oouple  the 
two  axles  mechanically,  we  find  that  the  eflSciency  is  lower,  for 
this  reason — ^that  the  wheels  of  one  axle  might  be  running 
partially  upon  the  flanges,  with  a  great  deal  of  dirt  in  the  grooves, 
and  the  other  wheels  may  not  do  so ;  there  is  consequently  a  slight 
difference  in  the  circumferential  speed,  and  a  great  deal  of 
friction  is  introduced  thereby :  whereas,  if  each  aide  was  driven 
independently,  each  motor  would  exactly  adjust  itself  to  the 
exigencies  of  the  track. 

Mr.  Blackwell  paid  me  some  nice  compliments,  to  which  I 
cannot  very  well  reply ;  and  also  Mr.  Gondict.  With  regard  to 
Mr.  Sellon's  remarks  in  reference  to  my  having  &llen  fold  of 
him  at  the  recent  meeting  of  the  Society  of  Engineers,  where  I 
stated  the  expenses  of  the  Blackpool  line  were  57  per  cent,  of  the 
gross  receipts,  I  have  stated  in  the  body  of  the  paper,  on  page  dOl, 
that  the  results  at  Blackpool  were  very  satisfactory  considering 
that  the  winter  traiSc  of  the  seaside  resort  is  scarcely  sufficient  to 
cover  the  operating  cost,  and  all  the  profits  have  to  be  earned  in 
the  holiday  season.  In  another  place  I  say  of  the  rent  paid  to  the 
Corporation,  and  the  directors'  and  secretarial  charges,  that  these 
would  have  to  be  deducted.  But  I  did  not  intend  to  give  you 
motive  power  costs  only,  but  as  many  items  of  cost  as  I  could 
possibly  obtain  from  different  lines;  and  anyone  who  wishes  to 
know  what  the  actual  traction  cost  is— or,  in  other  words,  who 
wishes  to  ascertain  the  expenses  due  to  wages,  water,  oil,  vraste, 
and  coal  consumed — can  easily  take  them  out  and  add  them  up 
separately.  What  I  attempted  to  do  was  to  give  as  complete  a 
statement  of  each  line  as  possible  under  the  circumstances^ 
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Mr.  Crompton's  remarks  about  accumulators  are  very  much  to  Mr.  Recken- 

zaun. 

the  point,  and  I  quite  agree  with  him  that  if  accumulators  were 
made  which  had  active  material  which  is  not  placed  upon  them  in 
a  mechanical  way — that  is,  pasted  or  spread  on  them — one  of  the 
difficulties  of  accumulator  traction  would  be  solved;  because  it  is 
qoite  true  in  my  own  experience  of  storage  batteries  that  the 
pasted  plates  get  destroyed,  not  so  much  by  the  chemical  use  they 
have,  but  by  the  mechanical  shaking  out  of  the  paste. 

With  reference  to  Mr,  Willans's  remark  of  compound  engines 

heing  suitable  for  electric  traction,   I  quite  agree  with  him ; 

they    are    using    a    large    number    of    compound    engines    in 

the  United   States,  and   they  are   using   compound  engines  on 

the  City  and  South  London  Electric  Railway,  also  on  Continental 

lines,  and  of  course  large   fly-wheels  are  used  in  almost  every 

case,  in   order  to  steady  the   load.      Nevertheless,  as  you   see 

by  these  peaks,  the  variations  are  enormous — the  variations  of 

E.M.F.  as  well  as  of  current.     I  cannot  understand  how  a  motor 

of  2  H.P.  can  make  a  car  run,  much  less  start.     As  I  stated  in  the 

beginning,  the  pioneers  all  made  the  mistake  of  putting  too  small 

motors  on.     When  I  first  made  a  car  I  put  a  4-H.P.  on,  and  found 

it  was  not  half  big  enough  ;  and  Americans  did  the  same.     It  is  a 

very  great  mistake  to  put  motors  on  too  small.      Sometimes  a  car 

goes  off  the  track,  and  it  requires  four  or  five  times  as  much  to 

move  it  then,  and  it  is  quite  necessary  that  an   electrical   car 

should  be  able  to  carry  itself  back  when  it  gets  derailed. 

The  President:  Would  you  answer  the  question  of  Mr. 
Swinburne :  If  two  actual  horse-power  is  suflScient  to  draw  a  car, 
why  is  15  H.P.  necessary  in  an  electrical  system  ? 

Mr.  Regkenzaun  :  Experiments  have  been  made  by  engineers 
with  two  horses,  by  putting  a  Salter's  balance  between  the  horses 
and  the  car,  and  it  has  been  found  that  the  starting  effort  is 
between  100  lbs.  and  200  lbs.  per  ton,  whereas  the  running  effort 
is  only  about  25  lbs.;  and  that  is  the  case  whatever  means  are 
used — electrical  or  horses.  With  regard  to  the  idea  of  starting  a 
car  slowly,  it  is  almost  impossible  to  do  it  with  the  usual  single- 
reduction  gear. 

The  President:  We  have  had  a  very  good  paper,  and  a  very 
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good  discussion,  and  I   beg  to  propose  a   vote  of  thanks    to 
Mr.  Keckenzaun. 

The  motion  was  carried  unanimously. 

As  the  result  of  the  ballot,  the  following  candidates  were 
declared  to  be  duly  elected : — 


Aaaodatea. 


Thomas  William  Andrews. 
Arthur  Herbert  Curtis. 
Malcolm  John  Koss. 


Aymor  Holloway  Sanderson. 
G-eorge  A.  Zeden. 


Student. 
John  J.  Francis  O'Shaughnessy. 

The  meeting  then  adjourned. 
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AVTOV  ABT— THE  MAGNETIC  PROPERTIES  OF  MAGNETITE 

(LOADSTONE). 

(  Wiedemann*8  Annalen^  VoL  45,  No,  1,  p,  88.) 

The  author  experimented  on  bars  of  loadstone  about  4'  x  I''  x  g'^^one,  A,  a  fine- 
grained and  rather  porous  sample ;  and  another,  B,  traversed  with  yellowish  veins 
and  containing  some  particles  of  malachite.  Sample  A  showed  on  analysis  17*5  per 
cent  of  iron,  and  B  61-4  per  cent.  Each  piece  was  compared  with  similar  shaped 
pieces  of  steel,  both  glass  hard  and  Uue  temper,  no  absolute  measurements  being 
given.  The  pieces  were  subjected  to  magnetising  forces  in  a  spiral  through  which  the 
eorrent  could  be  varied.  The  author  found  that  the  permanent  magnetism  per  c.c. 
of  B  sample  was  in  all  cases  greater  (up  to  as  much  as  three  or  four  times)  than 
that  of  the  steel,  for  all  values  of  magnetising  force  H ;  the  ratio  decreasing  as  H 
increased.  The  P.M.  of  the  A  sample  was  also  greater  than  that  of  steel ;  for  all 
bat  low  values  of  H,  greater  than  that  of  either  steel.  The  temporary  magnetism 
of  the  magnetite,  on  the  other  hand,  was  always  much  less  (say  0*1  to  0*8  of  that  of 
steel).  There  is  reason  to  believe  that  at  the  maximum  value  of  H  the  magnetite 
vas  very  nearly  saturated,  but  not  the  steels.  The  effect  of  demagnetising  the 
Tarious  pieces  was  also  tried;  and  magnetite  was  found  to  show  much  less  hysteresis 
than  steeL    The  above  samples  were  from  Moravicza,  Hungary. 


1— THE  PASSAGE  OF  RADIATION  FROM  THE  CATHODE 
THROUGH  METALLIC  FILMS. 

(  Wiedemam'a  AnnaUn,  Vol.  46,  No,  1,  p,  28.) 

Radiation  from  the  cathode  behaves  differently  from  light  in  its  power  of 
pacing  through  solid  matter.  The  thinnest  films  of  the  most  transparent 
tabstances  are  perfectly  opaque  to  it,  as  also  are  thick  metal  plates ;  thin  metallic 
fihns,  however,  are  more  transparent  to  it  than  to  ordinary  light  On  a  piece  of 
phosphorescent  uranium  glass  the  author  stuck  a  piece  of  pure  gold  leaf,  and  on  the 
latter  a  few  small  pieces  of  mica.  The  plate  was  then  placed  in  a  vacuum  tube 
«ith  the  covered  side  facing  an  aluminium  cathode  plate,  and  viewed  from  the  other 
Bde.  The  tube  was  then  slowly  exhausted  with  the  current  on.  While  the 
vaenam  was  low,  the  uncovered  part  of  the  plate  alone  phosphoresced,  the 
gold  plate  casting  a  shadow  on  it.  As  the  exhaustion  increased,  the  shadows  cast 
by  the  leaf  on  the  glass  became  less  marked  as  the  genuine  cathode  radiation 
.  increased,  till,  when  the  latter  was  at  its  maximum,  the  shadow  nearly  vanished. 
The  small  pieces  of  mica;  however,  cast  a  sharp  black  shadow.  The  same 
^1  repeated  with  various  other  metallic  films, ,  with  similar  results.  The 
gold  leaf  acting  as  a  mirror  to  the  phosphorescent  light,  the  effect  on  the  eye  of 
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an  J  phosphorescence  produced  behind  the  leaf  is  doubled :  e.^.,  if  the  leaf  allows 
one-third  of  the  radiation  to  pass,  the  part  behind  the  leaf  will  appear,  not  one,  but 
two- thirds  as  bright  as  the  rest.  If  it  allows  more  than  half  to  pass,  the  covered 
part  will  appear  brighter  than  the  rest ;  and  with  a  film  of  deposited  silrer  the 
author  thinks  he  has  obtained  this  effect  to  a  slight  degree.  If  the  rays  pass 
through  the  pores,  and  not  through  the  metal  Itself,  they  would  afterwards  be 
diffused  in  all  directions,  like  light  after  passing  through  opal  glass.  To  test  this,  a 
thick  aluminium  diaphr^m  was  inserted  20  cm.  in  front  of  the  cathode,  and  in  the 
middle  of  the  diaphra.gm  waa  a  hole  a  few  mm.  in  diameter  covered  with  a  piece 
of  thin  aluminium  foil.  A  plate  of  phosphorescent  glass  placed  close  behind  the 
diaphragm  showed  a  bright  image  of  the  hole  ;  and  as  it  was  withdrawn  further 
and  further  from  it  the  size  of  the  image  of  the  hole  increased  in  proportion, 
showing  that  the  radiation  through  the  foil  was  in  straight  lines,  and  not  diffused. 


D.  DVJOH— LIFE  OF  GLOW  LAMPS 
{Lumth-e  EUctrique^    Vol.  43,  No.  5,  p.  206) ; 

AND 

rEBOVSSOH  and  OEVTES— VARIATION  OF  LIGHT  IN  GLOW 
LAMPS  WITH  CURRENT  AND  E.M.F, 

(EUktroiechnische  Zeitsekrift,  Vol  13,  No,  7,  p.  189.) 

These  are  experiments  carried' out  in  the  laboratories  of  the  Cie.  Popp  at 
Paris.  Four  lamps  of  each  type  were  tested  with  various  E.M.F.'s,  and  curre^ 
plotted  showing  C.P.,  current,  resistance,  and  watts  per  C.P.  Curves  are  also 
given  of  various  (unnamed)  lamps  showing  C.P.,  and  watts  per  C.P.,  at  normal 
voltage  for  their  lifetime ;  the  readings  being  taken  daily  during  the  first  week, 
then  every  two  days,  and  then  weekly. 

The  curve  for  current  with  E.M.F.  varies  considerably:  in  some  types  it  is 
practically  a  straight  line,  in  others  considerably  curved ;  but  in  all  good  lamps  it 
is  regular,  any  breaks  in  it  showing  bad  manufacture.  The  straight  current-line  is 
a  sign  of  a  hardy  lamp  which  will  stand  variations  of  voltage  better  than  one  with 
a  curved  current-line ;  the  latter,  however,  with  steady  E.M.F.  will  often  stand 
just  as  well  as  the  former.  The  C.P.  (from  0*8  to  1*2  of  the  normal  voltage)  may  be 
with  considerable  accuracy  expressed  in  terms  of  the  volts  by  the  formula, 
C.P.  «K  (Y—  a)**,  where  K  is  a  constant  depending  on  the  cold  resistance,  V  the 
volts,  and  a  and  n  constants,  which  are  given  for — 

Edison-Swan    ...      110  V        ...        ««    9-76      ...        »  -  6 
Kohtinsky       ...      105  V        ...        a  »  46  ...        n  -  8*5 

Cie.  Fran9aise  ...  110  V  ...  a  —  9*8  ...  n  —  6*7 
The  author  believes  that  all  new  lamps  have  the  same  efficiency  at  the  same  state 
of  incandescence,  assuming  the  vacuum  to  be  good  ;  the  only  difference  between 
lamps  being  their  length  of  life,  and  variation  of  C.P.  with  running.  Coires  of 
C.P.  at  normal  volts  are  given  for  three  lamps  throughout  their  life.  One  rises  for 
the  first  80  houTF,  and  then  rapidly  drops,  till  at  last  it  is  only  about  half^  the 
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original  value ;  the  curve  being  much  like  the  expansion  cunre  in  an  indicator 
dia^^m,  watts  per  G.P.  rising  from  2-5  to  5.  The  rise  at  the  beginning  does  not 
always  occar.  A  third  carre  is  unfortnuatelT*  a  rare  one.  The  C.F.  falls  in  a 
straight  line  with  time,  and  the  watts  per  C.F.onlj  change  from  2*5  to  3*6.  Carres 
are  also  given  showing  how  life  and  cost  of  mnning  vary  with  watts  per  C.F. 

Messrs.  Fergasson  and  Center's  paper  deals  shortly  with  the  variation  of  C.l*. 
with  E  and  C.  The  values  of  a,  6,  m,  and  n  are  given  for  certain  Edison  and 
Thomson-Houston  lamps,  for  expressing  C.P.  in  terms  of  a  C*»  and  />  E" . 
The  principal  point  of  interest  is  that  in  the  modem  make  of  lamps  m  and  n 
remain  approximately  the  same  as  they  nsed  to  be  for  older  types,  \iz,,  5  and  (> 
respectively. 


O.  BIKLKAHN— THE  BRESLAU  CENTRAL  STATION. 
(Elektrotechnische  ZeiUchriJl,  Vol,  18,  No,  1,  p.  1.) 
The  station  is  worked  on  the  three-wire  system,  with  Tndor  batteries  capable 
of  mnning  2,500  lamps  (16  C.P.)  for  8^  hours,  the  total  capacity  of  the  stotion 
being  8,000  lamps.  There- are  three  horizontal  compound  condensing  engines, 
250  II.P.  each  at  150  revs.,  built  by  the  Gorlitzer  Company,  each  driving  two 
Siemens  &  Halske  dynamos,  direct  coupled,  on  each  side.  The  latter  work  up 
to  a  maximum  of  175  volts  and  465  amperes  for  charging,  and  180  volts  and 
625  amperes  when  working  direct  on  to  the  mains.  There  is  no  separate  commu- 
tator, the  current  being  taken  off  by  brushes  at  six  points  on  the  armature  itself. 
Armoured  lead-covered  cables  are  exclusively  used,  and  principally  laid  under 
the  foot  pavement.  Automatic  gear  is  provided  on  the  feeders  to  maintain 
constant  E.M.F.  at  their  ends  by  switching  them  on  to  different  cells.  The 
station  was  started  in  Angnst  with  8,000  to  4,000  lamps  joined  up,  which  number 
had  risen  to  10,000  before  Christmas ;  40,000  metres  of  cable  arp  already  laid,  and 
30,000  metres  more  will  be  down  shortly. 


P.  8TBHOEB— THE  BACK  E.M.F.  OF  THE  ARC. 

{Wiedemann's  Annalen,  Vol.  45,  No,  1,  p,  88.) 

The  author  forked  on  the  same  lines  as  Lescher  (Ann,,  vol.  xxxiii.,  p.  C09), 
introducing  a  tangent  galvanometer  in  the  lamp  circuit,  with  a  stop  preventing  the 
needle  going  to  the  side  to  which  the  current  to  the  lamp  tended  to  move  it,  but 
free  to  turn  in  the  opposite  direction.  He  then  short-circuited  the  lamp  and 
galvanometer  after  the  former  had  V&cn  running  for  some  little  time.  If  there 
were  any  back  E.M.F.,  it  would  produce  a  current  through  the  galvanometer  in 
the  opposite  direction  to  the  current  from  the  dynamo,  and  the  needle  would  give 
a  deflection  away  from  the  stop.  Negative  results  were  obtained;  there  was 
indeed  a  very  slight  kUk,  but  this  was  put  down  to  the  springiness  of  the  needle, 
which  had  been  pressed  hard  against  the  stop  by  the  previous  current.  To  prove 
that  this  negative  result  was  not  due  to  a  great  resistance  in  the  heated  gas  of 
the  newly  extinguished  arc,  the  experiment  was  repeated  with  five  accumulators, 

Digitized  byVjOOQlC 


348  ABSTRACTS. 

opposing  the  dynamo  current,  in  series  with  the  lamp.  These  10  Tolts  wen 
sufficient  to  give  a  very  laige  deflection  through  the  resistance  of  the  extinguished 
arc.  The  author  considers,  therefore,  that  the  existence  of  a  back  E.M.F.  is 
disproved. 

K.  CABBAVZ— A  SIMPLE  ABSOLUTE  ELECTROMETER. 
(Lumihre  Eieetrique,  Vol  43,  No,  6,  p.  286.) 

A  flat  horizontal  iron  plate  has  a  circular  depression  ih  the  middle,  which  is 
filled  with  mercury.  The  depression  is  connected  by  an  iron  tube  at  the  bottom 
with  a  small  mercury  reservoir,  in  which,  of  course,  the  mercury  stands  at  the  same 
level  as  in  the  depression.  The  reservoir  is  then  filled  up  to  the  top  with  a  little 
distilled  water,  and  a  rubber  cork  inserted.  Through  a  hole  in  the  latter  a  glaa 
tube  with  a  very  fine  bore  is  inserted,  and  the  water  displaced  by  the  cork  rises 
in  the  tube. 

The  first  iron  plate  is  connected  to  earth,  and  another  flat  metal  plate  is  placed 
above  it,  and  joined  to  the  E.M.F.  to  be  measured.  The  surface  of  the  mercurj 
is  attracted  by  the  second  plate  and  rises  slightly,  and  the  column  of  water  in  the 
tube  falls,  the  fall  being  (omitting  corrections  which  can  be  applied  if  necessary) 
proportional  to  the  E.M.F. 


C.  DEOHABKE— EXPERIMENTS  ON  VARIOUS  METHODS  OF 
MAGNETISING  STEEL. 

(Lumidre  Electrique,  Vol.  43,  No.  4,  p.  155.) 
Given  a  helix  of  wire  traversed  by  a  current,  can  a  bar  of  hard  steel  be 
more  strongly  magnetised  by  acting  on  it  direct  by  the  coil  of  wire,  or  by  inserting 
a  soft  iron  core  in  the  latter  and  using  it  as  an  electro-magnet  to  rub  the  steel 
with?  The  author^ shows  that  for  ordinary  bars  of  steel  the  direct  action  with 
current  gives  a  slightly  better  effect,  say  6  to  8  per  cent. ;  while  for  producing 
transverse  magnetism  the  reverse  was  the  case,  and  the  difference  more  marked. 

The  most  powerful  method  is  that  of  Elias.  The  steel  bar  is  made  to  complete 
the  circuit  of  an  electro-magnet,  and  at  the  same  time  a  coil  is  moved  backwards 
and  forwards  along  it. 


C.  DECHABME-THE  EFFECT  OF  LOCAL  HEATING  ON 
PERMANENT  MAGNETS. 

{Lutniere  Elecirique,  Vol  43,  No.  6,  p.  258.) 

Previous  experimenters  have  dealt  with  the  effects  of  high  temperatures  on 
the  whole  of  a  permanent  magnet.  Gaugain  has  shown  that,  if  a  magnet  be 
raised  to  a  blue  tempering  temperature,  the  magnetism  first  increases,  and  then 
diminishes  again ;  and  that  repeatedly  raising  a  magnet  to  250  degs.,  and  cooling  it 
again,  alters  the  distribution  of  magnetism.  Both  Wiedemann  and  Trowbridge 
have  shown  that  the  magnetism  of  a  bar  is  lowered  by  diminishing  the  temperature 
below  that  at  which  it  was  magnetised.  In  the  author's  experiments  he  found 
that  raising  either  end  or  the  middle  to  a  blue  temper  had  no  effect    His  method 
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of  measniement  was  to  bring  the  permanent  magnet  to  a  fixed  position  with 
respect  to  a  pivoted  compaas  needle,  and  count  the  oscillations  of  the  latter, 
which  in  the  earth's  field  only  gave  25  oecillations  per  minute.  A  rod  22*5  cm. 
long  and  1  mm.  diameter,  when  its  north  pole  was  presented  to  the  needle,  caused 
84  oscillations  per  minute.  When  the  north  pole  had  been  heated  to  red,  and 
allowed  to  cool  slowly,  the  oscillations  were  reduced  to  26.  The  diagram,  as 
taken  bj  iron  filings,  showed  that  the  north  pole  had  not  been  much  diminished 
in  intensity,  but  had,  so  to  speak,  been  pushed  back  ;  the  diminution  in  the  oscil- 
lations being  due  to  its  consequent  greater  distance  from  the  needle.  The  neutral 
point  was  also  somewhat  nearer  the  south  pole  than  formerly.  Another  magnet 
was  then  tested,  before  heating,  and  after  its  pole  liad  been  successively  raised  to 
very  dull  red,  to  dnU  red,  and  to  full  red  heat  The  following  are  the  results 
of  the  successive  stages : — 

!N.  pole— 46,  41,  40,  38  oscillations  per  minute. 

S.  pole— 48,  46, 44,  42         „  „ 

Another  one  heated  to  dull  red  in  the  middle  showed  some  weakening  of  the 
poles  and  a  slight  shift  of  the  neutral  point  Heated  first  at  one  pole  to  red,  and 
then  at  the  other,  a  magnet  loses  nearly  all  its  magnetism.  If  heated  from  the 
middle,  the  magnetism  seems  to  shift  up  to  the  poles,  and  is  not  destroyed  till 
the  latter  themselves  become  bright  red.  If  heated  at  both  poles,  the  magnetism 
rapidly  diminishes,  and  finally  vanishes.  Pieces  of  steel  magnetised  transversely, 
and  then  heated  at  one  end  or  in  the  middle,  lost  nearly  all  their  magnetism  in 
the  heated  part. 

l>x.  K.  XUOBL— LOCAL  ACTION  IN  SECONDARY  BATTERY 

PLATES. 

{Electrotechnische  Zeitschrift,  VoK  13,  No.  I,  p.  8,  and  No,  2,  p.  19.) 
The  author  had  to  investigate  the  reason  of  a  battery  of  60  eleven-plate  Tudor 
cells  ref osing  to  give  their  proper  capacity,  viz.,  215  ampere-hours  at  66  amperes ; 
instead  of  this  oatput,  they  dropped,  after  being  heavily  charged,  to  90  volts  in 
40  minutes  when  giving  25  amperes  only.  The  positive  plates  he  found  to  be 
quite  normal.  The  negatives,  however,  looked  wrong.  They  gassed  heavily  for  a 
long  time  after  the  charging  current  stopped,  while  on  open  circuit ;  and  as  soon 
as  this  gassing  stopped,  the  volts  fell  suddenly  to  1*5  volts:  this  occurred  in  some 
only  after  30  to  40  hours;  in  most,  however,  after  8  to  10  hours.  Negatives 
removed  from  the  cells  and  placed  in  chemiccdly  pure  acid  and  water  still  con- 
tinued to  give  off  gas,  which  was  in  eveiy  case  pure  hydrogen.  The  same  drop 
when  the  gassing  stopped  was  noticed  when  current  was  being  taken  off,  but  it  was 
much  sharper— from  1*8  to  0  volts  in  5  to  8  seconds.  The  vclts  of  these  cells  then 
remained  at  zero  for  some  hours  while  current  was  being  taken  from  the  battery. 
The  plates  of  a  dischaiged  cell  were  replaced  by  a  new  set,  and  the  batter}' 
charged  and  discharged :  the  cell  gave  a  good  output  when  immediately  discharged, 
but  gassed  somewhat  after  the  charging  was  broken,  and  a  second  discharge 
was  almost  as  bad  as  with  the  old  plates.  The  acid  of  a  discharged  cell  was 
replaced  by  new,  chemically  pure  acid  and  water,  without  any  improvement 
in  capacity.     The  acid  of  a  good  cell  of  another  battery,  which    had    given 
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177  ampere-hours,  was  replaced  bj  aome  of  the  imaaed  solation  which  had  been 
need  for  the  bad  battery.  The  capacity  of  that  cell  fell  to  82  ampere-houB.  The 
cause  of  the  bad  results  is  shown  to  be  in  the  acid.  Analysis  of  this  showed  slight 
traces  of  nitric  acid,  chlorine,  arsenic,  and  copper.  The  latter  two  are  the  active 
impurities;  they  reduce  and  deposit  on  the  plate  when  charging,  and  promote 
heavy  local  action. 

As  soon  as  the  charging  current  is  started  some  lead  is  reduced,  and  local 
action  begins  almost  at  once ;  cells  with  these  foreign  metals  deposited  on  the 
negatives  begin,  therefore,  to  gas  when  charging,  much  before  good  ones.  The  real 
capacity  of  the  plates  is  not  necessarily  diminished,  only  they  lose  their  charge 
while  charging,  almost  as  fast  as  they  get  it.  If  the  foreign  metals  were  removed  the 
capacity  might  be  found  to  be  as  good  as  ever.  Again,  if  the  plates  be  removed 
instantly  after  a  long  charge — i.e.,  when  all  traces  of  foreign  metals  are  deposited 
on  the  negative  (they  re-dissolve  somewhat  after  standing) — ^the  acid  will  be  found 
to  be  perfectly  right.  Put  the  bad  plates  in  another  cell,  charge  for  some  time  in 
the  reverse  direction,  and  the  impurities  will  all  dissolve  out  into  the  acid ;  when 
the  plates,  if  at  once  replaced  in  their  old  cell,  will  be  all  right  again.  Now  all  the 
foreign  metals  which  are  electro-negative  to  lead  are  precipitated  by  sulphuretted 
hydrogen*  This  may,  ctf  course,  be  passed  direct  into  the  diluted  impure  acid.  A 
more  convenient  method  is  to  add  to  the  dilute  acid  a  little  barium  sulphide  by  a 
pipette.  It  should  then  stand  for  24  hours  (at  the  end  of  which  time  it  should  still 
smell  strongly  of  H2  S),  when  it  should  be  carefully  filtered.  Acid  so  treated  is 
perfect  for  battery  use.  The  H2  S  precipitate  re-dissolved  and  applied  to  a  good 
plate  starts  it  gassing  at  once :  one  part  in  a  million  of  platinum  has  a  marked  effect. 
A  patch  on  a  plate  was  moistened  with  a  weak  solution  of  copper,  and  the  plate 
placed  in  pure  acid  and  water,  without  any  effect  Another  patch  was  then 
moistened  with  tungstate  of  soda — also  without  result ;  but  when  part  of  one 
patch  overlapped  part  of  the  other  there  was  at  once  a  strong  evolution  of  gas  from 
the  part  where  there  were  both  impurities.  The  same  effect  was  also  noticed  with 
copper  and  either  apienic,  antimony,  and  molybdenum,  but  to  a  less  degree.  Dr. 
Kugel  concludes  by  showing  that  the  different  plates  behave  differently  in  the 
same  (bad)  acid,  and  attributes  this  to  slight  differences  in  the  physical  condition  of 
the  reduced  lead.  An  analysis  is  given  of  the  impurities  in  some  specimens  of 
••bad  "acid:— 

Copper        1  part  in  16,000  to  80,000 

Arsenic       ,      ,,    25,000  „   50,000 

Antimony ,      „    25,000  „  50,000 

Molybdenum  ,      ,,    1,000,000 

Platinum     „      „    10,000,000 


A.  BOVCHSB-THE  WATER-POWER  INSTALLATION  AT 
VALLORBES. 

(Lumiire  Electrique,  Vol  43,  No,  l,p,  18.) 
The  installation  is  for  supplying  the  electro-chemical  works  with  current;  it 
is  situated  on  the  banks  of  the  Orbe,  just  below  a  series  of  natural  falls.     About 
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160  metres  higher  ap  the  stream  has  been  dammed  bj  a  masonry  barrier,  the  level 
of  the  water  in  the  dam  being  70  metres  above  the  tnrbines.  The  water  is  bionght 
down  partly  through  tunnels,  and  partly  through  iron  tubes  1*2  m.  diameter. 
There  are  ten  160-H.P.  dynamos,  each  rigidly  joined  up  to  its  own  turbine,  the 
two  being  on  the  same  bed-plate.  They  run  at  850  revolutions,  and  give  150  volts. 
There  is  no  regulation  of  any  kind ;  nine  machines  run  at  fuU  load  day  and  night 
the  tenth  being  a  stand-by  to  allow  for  cleaning,  or  in  case  of  a  breakdown*  Of  the 
latter,  two  only  have  occurred  during  the  18  months  that  the  machines  have  been 
running — one  when  a  water  pipe  burst  and  delaged  a  working  machine,  the  other 
being  due  to  carelessness.  Of  such  a  record  the  makers,  MM.  Thurey,  may  be 
justly  proud.  Besides  these  ten  machines,  there  are  two  of  700  H.F.  These  are 
arranged  with  the  axis  vertical,  and  the  dynamos  are  unipolar.  The  smaller 
machines  are  six-pole,  and  the  shafts  horisontal.  The  author  claims  that  the 
annual  output  of  the  installation  is  the  largest  in  the  world*  Although  the 
machines  are  simply  left  to  run  at  full  power  on  to  various  series  of  baths,  the  latter 
keep  the  E.M.F.  perfectly  constant,  so  that  the  factory  is  lighted  by  150-voIt 
glow  lamps  direct  off  the  dynamo  leads.  The  whole  motive  power  required  in  the 
works  is  supplied  by  motors. 

The  following  is  given  as  the  cost  of  the  installation : — 


liand  and  concession          

Frs, 
30,000 

Bam ^        

20,000 

Tunnel,  &c 

50,000 

Pipes,  and  laying     

80,000 

Tnrbines,  &c.          

110,000. 

Buildings      ...        ...        ...        •••        ... 

20,000 

Dynamos,  &c.           

800,000 

about  £S  per  horse-power. 

A.  ZL8A8— A  NEW  METHOD  OF  DETERMINING  SPECIFIC 
INDUCTIVE  CAPACmr. 

{Wiedemann's  Annaien,   Vol,  44,  No.  12,  p.  654.) 

This  is  a  bridge  method  with  alternating  currents  and  telephone.  As  source 
of  current,  the  ''  differential  inductor  "  previously  described  by  the  author  is  used 
(cf.  Wied.  Aim.,  xlii.,  p.  165, 1891 ;  and  Abstracts,  .7. 
/.  £,  E.,  voL  XX.,  No.  92,  p.  257)..  This  is  an  induc- 
tion coil  with  two  exactly  equal  and  similar  secondaries, 
and  the  circuit  is  joined  up  as  shown  in  figure.  A^, 
£i,  and  A „  E,  are  the  two  circuits  of  the  inductor;  C^, 
C„  two  condensers ;  and  T  is  a  telephone.  When  there 
is  no  sound  in  the  telephone  the  capacities  of  C^  and 
C,  are  equal  C^  is  of  fixed  capacity  ;  it  may  consist 
of  a  small  glass  plate  with  tinfoil  on  each  side,  or  of  a 
small  Ley  den  jar.  C,  has  a  fixed  bottom  plate,  and  a 
movable  top  one.    This  is  raised  or  lowered,  the  capacity  being  thus  diminishei  or 
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increased,  till  silence  is  obtained  in  the  telephone ;  when  the  height  abOTe  the  fixed 
one  is  carefullj  measured.  A  plate  of  the  sobstance  whose  S.I.C.  is  to  be  deter- 
mined is  then  introduced  between  the  two  plates,  and  the  height  of  the  plate  again 
adjusted  till  silence  is  obtained.  These  two  readings,  with  the  dimensions  of  the 
dielectric  introduced,  are,  of- course,  sufficient  to  give  the  S.I.C.  For  meaanre- 
ments  on  liquids  a  small  brass  beaker  was  fixed  inside  a  larger  one.  In  series  with 
this  was  C,,  and  C^  was  chosen  so  that  its  capacity  was  slightly  less  than  that  of 
the  beaker  condenser  when  the  space  between  the  beakers  was  filled  with  air ;  a 
balance  was  then  obtained  by  separating  the  pUttes  of  C,  (in  air)  till  the  capacity 
of  the  two  in  series  was  equal  to  that  of  C^.  The  space  between  the  beakers  was 
then  filled  with  the  liquid,  and  a  balance  re-obtained  by  further  separating  the 
plates  of  C,i  and  finally  the  beakers  were  short-circuited  and  a  third  reading  obtained 
on  C,.  Readings  on  oil  of  turpentine  only  are  given,  but  observations  on  other 
liquids  are  promised  at  a  future  date.  Several  measurements  on  solids  are  tabulated, 
which  agree  well  with  previous  determinations.  Also  some  on  celuvert:  hard  grey 
S.I.C.  «  1-2 ;  hard  red,  1-4 ;  hard  black,  1*9  ;  and  flexible  red,  27. 


rrof.    J.   J.    THOKSOH— ON   THE    DISCHARGE  OF  ELECTRICITY 
THROUGH  EXHAUSTED  TUBES  WITHOUT  ELECTRODES. 

(PA*7.  Mag,,  Vol,  32,  Nob,  197-98.) 

The  experiments  were  on  varioos  gases  enclosed  in  bulbs,  or  in  a  glass  tnbe 
bent  four  times  at  right  angles,  and  having  the  two  ends  joined  together  ao  as  to 
form  a  continuous  tnbe  of  square  shape ;  such  a  tnbe  filled  with  a  rarefied  i^aa 
may  be  considered  as  the  secondary  coil  of  a  transformer  short-circuited  on  itself. 
The  primary  consists  of  one  or  two  turns  of  glass  tube  bent  to  the  same  sized 
square  as  the  secondary,  and  filled  with  mercniy.    The  two  ends  of  the  priicary 
are  then  connected  to  the  outer  coatings  of  two  Leyden  jars,  whose  inner  coatings 
are  joined  to  the  two  poles  of  a  Wimshurst  machine.     When  the  gas  is  enclosed 
in  a  bulb,  the  latter  is  placed  in  a  glass  beaker  round  which  a  few  turns  of 
gutta-percha-covered  wire  are  wound,  and  connected  in  the  same  way.      When 
a  spark  passes  between  the  poles,  the  electrical  oscillations  set  up  produce  a  large 
E.M.F.  in  the  neighbourhood  of  the  coil,  sufficient,  under  favourable  circum- 
stances, to  cause  a  bright  discharge  to  take  place  in  the  tube  or  bulb.    The  pas 
must  be  perfectly  dry,  and  the  exhaustion  not  carried  too  far.      To  avoid  static 
effects  the  coil  was  earthed  at  one  point,  and  the  secondary  was  separated  from 
the  primary  by  a  screen  of  wet  blotting  paper.    In  this  way  all  electrostatic  effects 
previous  to  the  actual  discharge  are  screened  off:   when  the  discharge  has  once 
commenced,   the  author  thinks  that  any  distinction  between  electrostatic  and 
dynamic  forces  is  introduced  for  convenience  only,   and  is  not  as  a  pbTsical 
reality.     It  is  sometimes  difficult  to  get  the  first  discharge  to  pass  through ;  when  it 
has  once  passed,  other  discharges  follow  with  less  difficulty.      The  effect  eeents 
due  to  the  splitting  up  of  the  molecules  by  the  first  discharge  ;  some  of  the  atoms 
being  left  uncombincd,  and  so  ready  to  conduct  the  heat. 
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Appearance  of  ths  Dtscharge.^'A  square  tube  is  placed  against  a  square 
prinuuy,  or  a  bulb  inside  a  circular  one.  The  bulb  or  tube  is  then  connected  to  a 
mercury  pump  and  slowlj  exhausted,  the  jars  sparking  all  the  time ;  when  the 
pressure  gets  down  to  about  1  mm.  a  thin  thread  of  reddish  light  appears,  getting 
rapidly  brighter  and  thicker  as  the  exhaustion  proceeds,  and  turning  from  red  to 
white,  till  it  becomes  an  exceedingly  bright  and  well-defined  ring.  On  continuing 
the  exhaustion  the  light  begins  to  diminish  till,  with  a  very  high  vacuum,  no 
discharge  passes.  The  pressure  for  maximum  discharge  is  very  much  less  than 
that  for  a  tube  with  electrodes.    There  is  never  any  trace  of  striation. 

Action  of  a  Magnet. — ^The  luminosity  being  due  to  alternating  currents,  it 
seemed  poesible  that  its  uniformity  was  due  to  the  superposition  of  two  stratified 
discharges  in  opposite  directions.  The  two  were  separated  by  applying  a  magnetic 
force  at  right  angles  to  them,  attracting  one  and  repelling  the  other,  but  each 
portion  was  perfectly  uniform  and  unstriated.  It  was  found,  however,  that  such  a 
magnetic  force  made  it  much  more  difficult  for.  the  discharge  to  pass ;  and,  if 
strong  enough,  it  would  stop  it  altogether.  A  magnetic  force  in  the  direction  of 
the  discharge,  on  the  other  hand,  considerably  facilitated  it.  Professor  Fitzgerald 
suggests  to  the  author  that  this  may  account  for  the  streamers  from  N.  to  S.  in  the 
Aurora  borealis. 

The  bright  discharge  in  oxygen  is  succeeded  by  a  phosphorescent  glow,  which 
may  last  for  as  long  as  a  minute.  It  is  seen  most  strikingly  by  using  a  long  tube 
with  a  bulb  in  the  middle,  round  which  the  primary  is  wound :  when  a  spark  passes 
a  bright  ring  discharge  passes  in  the  bulb,  from  which,  as  if  shot  out  from  the  ring, 
the  glow  travels  in  both  directions  along  the  tube,  slowly  enough  for  the  eye  to 
follow  its  motion.  The  glow  seems  to  consist  of  gas  which  has  been  in  the  path  of 
the  discharge,  and  whose  molecules  have  been  split  up  and  projected  from  the 
line  of  discharge,  and  which  phosphoresces  as  it  slowly  returns  to  its  original 
condition  by  a  process  of  chemical  combination.  By  heating  the  tube  the  glow 
can  be  diminished  or  entirely  suppressed.  Its  spectrum  is  continuous ;  no  bright 
lines  could  be  detected.  It  was  only  obtained  in  the  case  of  oxygen,  and,  to  a 
lesser  extent,  with  common  air.  In  the  latter  case  the  spectrum  showed  bright 
lines.  The  first  few  discharges  through  acetylene  are  a  bright  apple  green ; 
the  subsequent  ones  are  white :  the  gas  is  probably  decomposed,  as  the  green  does 
not  reappear.  The  discharge  without  electrodes  produces  vivid  phosphoraecence 
in  the  glass  of  the  vessel  in  vhich  the  discharge  takes  place,  or  in  a  piece  of  glass 
tubing  held  as  much  as  a  foot  off  it  The  gas  in  the  vessel  may  be  considered  as 
the  secondary  of  an  induction  coil,  and  the  discharge  in  it  shows  simihir  properties 
to  those  of  a  metallic  secondary :  eg,,  there  is  no  discharge  if  the  tube  is  fused 
together  at  one  place  ;  but  it  may  also  be  stopped  by  closing  the  bora  of  the  tube 
at  one  place  with  a  globule  of  mercury  or  other  conductor.  Some  screening 
effects  of  one  discharge  on  another  are  described. 

In  the  figure,  A  C  is  a  test  tube,  fused  into  the  outer  vessel,  round  which  the 
primary,  L IC,  is  wound.  £  is  an  exhausted  tube.  When  the  air  in  the  outer  vessel, 
B,  is  at  atmospheric  pressure,  there  is  a  luminous  discharge  in  B.  When  B  is 
exhausted  sufficiently  for  the  discharge  to  pass  in  it,  E  becomes  dark ;  but  by 
continuing  the  exhaustion  farther,  till  no  discharge  passes  in  B,  E  becomes 
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luminoiis  again.  When  B  is  exhaotted  so  that  the  discharge  pasaea  in  it,  the  spark 
length  can  be  adjusted  so  that  on  introdndng  a  oondnctor  or  stzong  electrolyte 
/^^  into  A  C,  the  discharge  in  B  is  stopped ;  under  ctftain 

conditions  a  large  stick  of  snlphnr  or  glass  rod  has  the 
same  effects     A  tnbe  of  air  at  less  than  1-lCth  mm. 
prevnre  has  as  strong  an  effect  as  a  tnbc  containing 
50,000  times  as  man  j  mcdecnles  of  *ini«niiinm  chloride. 
The  greater  the  E.M.F.,  the  greater  does  the  ratio 
between  the  effects  of  the  two  latter  become;  the 
conduction   throngfa  air   does    not,  therefore,  follow 
Ohm's  law.    This  great  condoctiTity  of  rarefied  air  i« 
in  striking   contrast    with    the   infinitesimally  small 
▼alnes  deduced  for  experiments  with  electrodes.    The 
discharge  is  strongly  affected  bj  the  neighboorfaood 
of   conductors   connected  to  earth  or   having  kige 
^     /     capacity.    Two  primaries  were  then  joined  in  series; 
in  one  of  them,  a,  was  placed  an  exhausted  tube,  A,  and  the  spark  length  so 
adjusted  that  a  small  difference  in  the  primary  current  made  a  great  difference 
in  the  effect  on  A.     A  highly  exhausted  tube  placed  in  the  second  primsiy, 
iS,  glowed  brightly,  and  extinguished  A ;   an  iron  bar  or  tube  m  3  also  extin- 
guished A ;    but  a  brass  one,  or  a  short-circuited  coil  of  copper  wire,  rather 
increased  its  brightness ;  a  bulb  filled  with  dilute  electrolyte  had  little  or  no  effect. 
The  effect  on  A   depends  on  the  amount  of   work  done  on   the   secondary 
introduced  into  3.    This  is  0  if  R  »  0  or  R  »  oo,  and  is  a  maximum  if  R  »  L;>  ; 
R  being  the  resistance  of  the  secondary,  L  its  coefficient  of  self-induction,  and  f 
the  frequency  of  the  primary  current.    The  R  of  the  weak  electrolyte,  the  brass  tahe 
or  the  copper  wire,  was  too  low  for  much  work  to  be  done  on  it ;  if,  instead  of 
short-circuiting  it,  the  ends  of  the  last  were  joined  through  a  variable  external 
resistance,  it  could  be  made  to  nearly  extinguish  the  A  tube.    An  iron  rod  in  3 
puts  out  A  completely ;  slip  a  very  thin  platinum  tube  over  the  rod,  and  A  lights 
up  again.    Platinum  has  practically  the  same  specific  resistance  as  iron,  so  it  is  not 
R  in  this  case  which  makes  the  difference,  but  the  magnetic  properties  of  the  iron, 
which  are  therefore  shown  to  still  exist  even  at  this  high  rate  of  altemationflL    By 
magnetically  saturating  an  iron  core  so  as  to  greatly  diminish  its  permeability,  its 
effect  on  the  A  tube  was  very  much  diminished.    Another  curious  fact  is  that  a 
very  thin  tube  of  metal  has  more  effect  than  a  thick  one ;  a  mathematical  explana- 
tion of  this  is  given.    The  same  apparatus  was  also  used  for  comparing  the 
conductivity  of  two  electrolytes  for  rapidly  alternating  currents,  and  the  ratio 
between  them  was  found  to  be  the  same  as  for  a  steady  current. 


BBOWH— ON  THE  THEORY  OF  ELECTROLYTIC  CONDUCTION 
OF   CLAUSIUS,   AND  ON  SOME  RECENT  EVIDENCE  OF  THE 
DISSOCIATION  THEORY  OF  ELECTROLYSIS. 
.    (PAtV.  Mag,,   VoL  83,  No.  200,  />.  82.) 

The  author  combats  the  objections  of  Clausius  to  the  Grotthus  hypothesis. 
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Fandaj's  modificatioii  d  which  he  eonaiden  to  be  probablj  near  the  troth ;  he 
alto  attacks  the  alternatiye  theory  which  Clansins  proposed.  The  small  current 
which  will  pan  thnmgh  an  electrolyte,  say  hydrochloric  acid,  when  the  E.M.F.  is 
below  that  required  to  effect  decomposition  may,  he  considers,  be  conducted  by 
decomposition  of  impurities,  hydrates,  or  complex  molecules,  whose  parts  have  but 
minute  attractions  for  each  other ;  or  even  that  H  CI  may  itself  be  decomposed 
and  the  effect  masked  by  the  effect  of  dissolved  oxygen '  or  other  depolariser.  An 
experiment  which  Prof.  Ostwald  considers  as  proving  the  existence  of  free 
electrically  charged  atoms  of  chlorine  and  potassium  in  potassium  chloride,  the 
author  holds  as  of  a  purely  negative  kind  ;  as  also  another  of  Prof.  Ostwald's  to 
bIiow  that  a  semi-permeable  wall  interposed  between  two  electrolytes  in  the  path 
of  a  current  will  permit  certain  ions  to  pass,  but  not  others.  This  he  attacks 
experimentally,  and  shows  to  be  explicable  in  other  ways. 


Plrof.   A.   eaAT— THE   COILS   OF  ABSOLUTE   ELECTRO- 
DYNAMOMETERS. 

(PML  Mag,,  Vol,  83,  No,  200,  p,  62.) 

It  is  shown  mathematically  that  (under  the  subjoined  conditions)  the  couple  9 
turning  the  suspended  coil  in  an  absolute  dynamometer  is  for  unit  current, 

a  =  -  8ir«n«'a«^, 

r 

where  n,  n'  are  the  turns  on  the  two  coils ; 
a  radius  of  moving  coil ; 
2  I  length  of  moving  coil ; 
a  ndins  of  fixed  coil ; 
2  X  length  of  fixed  coiL 

I^  2  I  «  y/S  a,  and  2  x  =  i^/8  a,  then  for  coils  wound  in  a  single  layer,  and 
perfectly  even,  the  above  is  true  to  0*02  per  cent,  if  a  is  j^  2  ajSf  or  to 
0-004  per  cent  if  a  is  ^  a/2. 
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The  Two  Hundred  and  Thirty-seventh  Ordinary  General  Meeting 
of  the  Institution  was  held  at  the  Institution  of  Civil 
Engineers,  25^  Great  George  Street,  Westminster,  on 
Thursday  evening,  April  S8th,  1892— Professor  W.  E.  Ayrton, 
F.R.S.,-  President,  in  the  Chair. 

The  minutes  of  the  Ordinary  General  Meeting  held  on  April 
7th  were  read  and  approved. 

The  names  of  new  candidates  for  election  into  the  Institution 
were  announced  and  ordered  to  be  suspended. 

The  following  transfers  were  announced  as  having  been 
approved  by  the  Council : — 

From  the  class  of  Students  to  that  of  Associates — 
William  Bathurst.  |  F.  H.  Francis. 

Walter  B.  Lock. 

Mr.  J.  S.  Fairfiax  and  Mr.  E.  B.  Vignoles  were  appointed 
scrutineers  of  the  ballot  for  new  members. 

The  President  :  I  will  now  ask  Mr.  Trotter  to  read  his  paper. 

3Ir.  TnoTTER:  The  Council  of  the  Institution  of  Civil 
Engineers,  to  whose  generosity  we  are  indebted  for  the  use  of  this 
hall^  have  recently  decided  to  lay  on  the  electric  current  here 
from  the  mains  of  the  Westminster  Electric  Supply  Company ; 
but  owing  to  several  reasons,  one  being  the  sudden  illness  and 
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regrettable  death  of  our  Member  Mr.  Charles  Hortsek,  it  has  beea 
found  impossible  to  complete  the  arrangements  by  this  evening. 
The  Secretary  of  the  Institution  of  CSvil  Engineers  very  properly 
objected  to  any  temporary  work,  and  consequently  I  must  ask 
your  indulgence  for  the  absence  of  those  experiments  with  which 
I  had  proposed  to  illustrate  my  paper.  It  is  not  quite  oompl^ie 
enough  to  be  called  a  paper,  and  I  have  therefbxB  girea  it  a  Ififls 
pretentious  title. 

NOTES  ON  THE  LIGHT  OF  THE  ELECTMC  ABC 
By  Alexander  Pelham  Trotter,  B.A.,  Member. 

It  is  apparent  to  intelligent  observers^  and  well  known  to  all 
electric  light  engineers,  that  the  light  of  an  arc  lamp  is  not 
emitted  uniformly  in  all  directions.  Photometrical  measure- 
ments of  arcs  are  generally  expressed  by  a  polar  curve,  the 
length  of  the  radius  vector  representing  the  candle-power. 
Although  a  good  deal  of  work  has  been  spent  on  this  subject, 
the  real  meaning  of  the  shape  of  these  curves  has  not  attracted 
much  attention.  They  all  exhibit  the  same  characteristics,  and 
it  is  easy  to  notice  two  distinct  types  of  variation.  One  varia^ 
tion  is  found  with  arcs  employing  a  large  current,  and  conaista  in 
the  emission  of  a  small  quantity  of  light  in  a  direction  above 
the  horizon,  the  cur\'e  rising  a  little  above  the  horizontal  axis. 
Another  type  of  variation  is  the  narrowing  of  the  whole  curve, 
and  the  concentration  of  a  large  proportion  of  the  light  at  an 
angle  of  about  40  degrees  or  50  degrees  with  the  vertical 

A  rather  complicated  treatment  of  the  subject  has  been  made 
by  ]\L  Rousseau*  with  the  object  of  finding  a  formula  for  the 
distribution  of  the  light.  His  treatment  appears  to  be  empirical, 
and,  having  arrived  at  a  formula,  he  does  not  appear  to  have 
recognised  the  practical  meaning  which  it  contains. 

It  has  been  assumed  by  many  persons  that  the  hollowing  of 
the  crater  of  the  positive  carbon  tends  in  some  unexplained 
manner  to  concentrate  and  throw  the   light  downwards.     It  is 

*  La  Lumire  Eiedrique,  vol.  3a«Tii.,  p,  415. 
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evident  that  the  lower,  or  negative,  carbon  intercepts  a  good  deal 
of  the  light ;  but  there  speculation  appears  to  have  stopped.  A 
little  consideration  will  show  that  the  e£fect  is  precisely  and 
identically  the  same  as  though  the  end  of  the  positive  carbon 
were  flat.  No  tilting  of  an  incandescent  or  other  luminoos 
surface  can  make  it  brighter ;  and,  on  the  other  hand,  if  it  is 
covered  with  a  thin,  imperfectly  transparent  layer,  as  in  the  case 
of  the  atmosphere  of  the  sun,  the  edge  will  appear  less  bright 
than  the  middle  of  the  disc.  The  quantity  of  light  emitted 
by  an  incandescent  disc  in  any  direction  is  proportional  to  the 
amount  of  surface  visible  from  that  direction.  That  is  to  say, 
candle-power  varies,  then,  as  the  cosine  of  the  inclination. 

Cosines  plotted  as  a  polar  curve  give  a  circle  passing  through 
the  pole.  This  theorem  is  not  to  be  found  in  mathematical 
vrorks,  being  much  too  easy  and  simple  for  those  students  who 
have  got  so  far  as  polar  curves.  The  candle-power  of  the  crater 
of  an  arc  lamp  should,  then,  if  plotted  as  a  polar  curve,  coincide 
with  part  of  a  circle.  Any  deviation  from  the  circle  must  have 
some  cause.  Two  such  deviations  are  observed,  and  their  causes 
are  easily  recognised. 

An  ideal  continuous-current  arc — in  fact,  any  good  one  with 
first-rate  carbons — has  a  uniform  horizontal  crater,  and  this  gives 
no  light  in  a  horizontal  direction,  though  a  little  may  come  from 
the  hot  sides  of  the  carbon,  especially  if  it  is  carrying  a  rather 
large  current.  No  brightly  incandescent  surface  is  seen.  The 
pointed  negative  carbon  is  seen  in  profile,  and  some  light  is 
emitted  by  it.  From  what  Professor  S.  P.  Thompson  and 
others  have  told  us  of  the  physics  of  the  arc,  it  is  very 
probable  that  the  seat  of  the  dissipation  of  energy  is  primarily  at 
the  surface  of  the  crater.  The  negative  carbon  only  becomes 
hot  by  being  cooked  in  front  of  the  crater.  It  is  wasted,  probably, 
hy  mere  combustion;  and  even  this  waste  is  reduced  by  the 
deposition,  under  some  circumstances,  of  carbon  transferred  from 
the  positive  pole.  The  waste  of  the  positive  carbon  is  undoubtedly 
due  to  volatilisation.  Professor  J.  J.  Thomson  and  others  have 
shown  that  electrolysis  is  not  necessarily  confined  to  bodies  in 
the  liquid  state,  and  it  seenui  probable  that  the  volatilisation  ot 
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carbon  at  the  crater,  and  its  deposition,  under  certain  conditions, 
on  the  negative  carbon,  is  closely  allied  to  electrolysis,  the 
positive  pole  behaving  as  an  anode,  both  in  its  wasting  and  in 
the  &11  of  volts  at  its  surfioce.  The  absorption  of  energy  appears 
to  be  twofold.  A  certain  quantity  of  heat  is  required  to  produce 
the  change  of  state  from  solid  to  vapour,  and  a  certain  difference 
of  potential  must  be  required  to  produce  the  electrolysis. 

In  one  of  the  very  interesting  articles  by  M.  Palaz*  in 
which  he  abstracts  and  compiles  the  work  of  numerous 
Continental  writers,  he  states,  without  giving  his  authority, 
that  85  per  cent,  of  the  light  of  an  arc  is  emitted  by  the 
positive  carbon,  10  per  cent,  by  the  negative  carbon,  and 
5  per  cent,  by  the  flame  of  the  arc.  It  seems  probable  that  in 
most  cases  the  proportion  of  light  emitted  by  the  positive  carbon 
is  even  greater  than  this.  The  word  "  arc  "  will  be  used  in  this 
paper  as  an  abbreviation  for  arc  lamp,  and  will  not  be  used  to 
denote  the  flame  which  plays  between  the  carbons.  The  word 
"crater**  will  be  used  to  denote  that  portion  of  the  positive 
carbon  which  is  at  the  highest  degree  of  incandescence.  This 
portion  is  generally  well  defined,  the  colour  being  uniform. 
The  word  "crater"  will  not  be  used  to  signify  a  hollowing  of 
the  carbon. 

During  the  Antwerp  Exhibition  in  188o,  M.  Wybauwf  niaflo 
n  number  of  photometric  measurements  of  arcs  by  difiFerent 
makers.  The  full  curve  in  Fig.  1  represents  the  mean  of  a  large 
number  of  observations  made,  no  less  than  26  different  arcs  having 
been  tested.  The  cosine  of  60  degrees  lacing  one-half,  the  area  of 
the  crater  seen  from  this  direction  is  one-half  of  that  of  the  full 
circle ;  the  candle-power  is  one-half  of  that  emitted  by  the  crater ; 
and  the  length  of  the  radius  vector  corresponding  to  60  degrees 
may  be  taken  as  the  radius  of  the  circle.  The  light  due  to  the 
negative  carbon  is  clearly  shown  as  an  excess  above  the  circular 
cur\'e;  there  is,  indeed,  nothing  else  to  which  it  can  be  due, 
except  the  red-hot  walls  of  the  crater. 

At  about  60  degrees  the  curve  of  candle-power  begins  to  fall 

*  La,  LuaUere  Eleetrique,  ToL  zxxvii.,  p.  410. 

t  La  Lumidre  Eltctrique,  toL  xxxWi.,  p.  414,  and  vol.  xxTi.,  p.  58. 
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off,  and  this  is  due  to  nothing  else  than  the  shadow  of  the  lower 

carbon,  which  intercepts  more  and  more  of  the  light  as  we  pass 

to  smaller  angles,  until,  if 

the  carbons  be  of  the  same  oF 

diameter,  no  light  is  thrown 

in  a  vertical  direction. 

In  considering  the  real 
meaning  of  the  latter  part,  of 
the  cun'e,  I  drew  a  number 
of  views  of  a  pair  of  imagin- 
ary carbons,  projected  at 
different  angles.  The  ellip- 
tical area  of  the  crater  in 
each  view  was  calculated, 
and  I  found  that  these 
areas,  plotted  as  radii  of  a 
polar  cun^e,  gave  a  curve 
closely  resembling  the  well- 
known  candle-power  cune 
of  the  arc.  It  follows  that, 
if  this  be  proved  to  be  true 
by  experiment,  the  candle- 
power  per  square  millimetre 
of  the  crater  is  constant. 

I  communicated  this  result  to  Professor  S.  P.  Thompson, 
and  asked  if  he  would  see  whether  actual  experiment  would 
confirm  it. 

A  series  of  very  interesting  experiments  have  been  carried 
out  at  Finsbury  Technical  College  bj'  Mr.  C.  F.  Higgins,  senior 
student.  A  "Planet"  lamp,  taking  8  or  9  amperes,  was  first 
employed,  and  the  first  experiments  showed  that  the  light  was 
undoubtedly  proportional  to  the  area  of  the  crater.  In  order 
to  carry  out  the  experiments  with  greater  accuracy,  a  larger  lamp 
wa.s  required,  and  Messrs.  Johnson  &  Phillips  kindly  lent  a 
Brockie-Pell  lamp,  taking  25  amperes.  The  following  apparatus 
(Fi|(.  2)  was  constructed  by  Mr.  Higgins    at  the  workshops  of 
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FiriBbury  College,  for  the  purpose  of  projecting  an  image  of 
the  arc : — 

An  arm  adjustable  on  a 
horizontal  axis,  and  provided 
with  a  clamping  nut  and 
graduated  arc,  carries  a  lens 
and  a  mirror  set  at  an  angle 
of  45  degrees,  with  the 
direction  of  the  ray  of  light 
falling  on  it,  and  reflect- 
ing the  ray  in  a  direction 
parallel  with  the  axis  of  the 
radial  arm.  An  image  of 
the  arc  may  thus  be  pro- 
jected on  a  screen.  As  the 
radial  arm  is  moved  the 
image  turns  roimd,  but  this 
does  not  interfere  with  the 
obser\  ations.  An  Ayrton- 
P      2  Perry  photometer,  slightly 

modified,  was  used  to  mean 
sure  the  light  with  a  standard  candle,  and  this  was  done  by 
removing  the  projecting  lens,  and  allowing  the  reflected  beam  to 
fall  on  the  mirror  of  the  photometer.  When  the  lens  was  replaced^ 
for  the  purpose  of  projecting  the  image,  the  mirror  of  the  photo- 
meter was  removed,  the  rest  of  the  photometer  remaining  undis- 
turbed.  The  image  was  received  on  a  sheet  of  drawing  paper,  and 
was  amplified  about  14  times.  The  outline  of  the  incaadeacent 
crater  was  traced  in  [pencil,  and  in  some  cases  an  outline  of  the 
carbons  was  drawn.  The  diameter  of  the  carbons  formed  a 
standard  for  absolute  measurements.  Readings  were  taken  at 
every  10  degrees  inclination.  The  area  of  the  tracings  was 
measured  by  a  planimeter. 

In  the  first  ^^experiments  the  absorption  of  the  two  mirrors 
was  neglected,  and  the  results  are  not,  therefore,  to  be  taken  as 
candle-power.  The  mirror  on  the  radial  arm  was  of  platinised 
glass,  since  an   ordinary  mirror  gave  a  double  image.      The 
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reflecting  power  was  not  good,  though  the  image  was  clear. 
The  areas  were  also  measured  to  an  arbitrary  scale  at  first.  Figs. 
3  and  4  give  polar  curves   of  two   sets   of  observations.     The 
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Carre  of  Areai  of  Crater  and  Caudle-Fower  of  Short  Arc.    A  —  area,  and  x    *^ 

candle-power.     The  scale  of  radii  is  arbitrary. 

photometer  readings  are  represented  by  circles,  and  the  areas 
by  triangles.  A  general  coincidence  of  both  sets  of  observations 
with  the  well-known  curve  is  evident.  Figs.  5  and  6  are  repro- 
ductions of  the  tracings. 

It  is  rather  difficult  in  many  cases  to  estimate  the  relation 
between  two  polar  curves  by  mere  inspection,  partly  perhaps 
because  they  are  so  seldom  used  in  practice.  Two  different 
curves  may  be  drawn,  the  one  through  the  photometer  readings, 
and  the  other  through  the  areas  of  crater;  but,  owing  to  the 
difficulty  of  arriving  at  accurate  results,  on  account  of  changes  in 
the  length  of  the  arc,  which  greatly  affect  the  inner  part  of  the 
polar  curve,  and  the  occasional  indistinctness  of  outline  of  the 
crater,  the  errors  of  either  set  of  readings  are  probably  as  great 
as  their  departure  from  the  curve  drawn  freely  among  the 
two  sets. 
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Usefol  as  it  is  to  plot  as  a  polar  curve  observations  which 
relate  to  measurements  taken  at  different  angnlar  directions,  the 
relation  between  the  two  sets  of  readings  may  be  examined  more 
easily  when  they  are  plotted  with  rectangular  co-ordinates 
(Fig.  7).    A  straight  line  cutting  the  axis  at  100  C.P.  seems 
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to  fit  the  results.  This  may  be  explained  by  the  light  which  is 
emitted  by  the  red-hot  and  glowing  parts  of  the  carbon.  These 
were  not  included  in  the  measurement  of  area ;  the  true  crater 
only  was  measured.  I  have  been  unable  to  carry  out  any 
complete  experiments  on  the  photometry  of  arcs ;  the  present 
paper  is  only  a  collection  of  notes  on  the  subject,  which  is 
treated  qualitatively,  and  not  quantitatively.  The  measurements, 
for  various  reasons,  were  relative,  and  attempts  were  made  on  one 
occasion  only  to  take  direct  readings  in  candle-power.  The 
image  of  the  crater  at  60  degrees  was  projected  and  traced,  and 
measured  by  a  planimeter.  The  mean  of  several  fiiirly  con- 
cordant readings  was  20*8  square  inches.    The  diameter  of  the 
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image  of  the  carbon  was  17  inches.  Its  actual  diameter  wa» 
0-6  inch.  The  image  was  therefore  magnified  28*3  times.  The 
real  area  of  the  crater  was  0*025  square  inch.  The  candle-power 
readings  were  taken  at  the  same  angle,  and  immediately  after 
the  tracing  of  the  image  in  each  case,  being  measured  directly 
from  the  arc  without  reflection.  They  were  fairly  concordant, 
and  gave  a  mean  of  1,065  candles.  At  the  maximum  position 
(about  45  degrees)  this  would  give  about  1,400  candles.  It 
follows,  therefore,  that  the  crater  gave  42,600  C.P.  per  square 
inch,  or  64  C.P.  per  square  millimetre.  The  amperes  were  26, 
and  volts  51. 

It  is  as  impossible  to  raise  carbon  above  the  degree  of  incan- 
descence of  the  crater  of  the  arc  as  it  is  to  raise  water  above 
boiling  point  or  ice  above  melting  point.*  No  substance  has  yet 
been  suggested  for  "  improving  "  arc  lamp  carbons  which  is  less 
volatile  than  carbon.  Even  the  core  of  cored  carbons,  while  it 
serves  a  very  useful  purpose  in  steadying  the  arc,  is  less  brilliant 
than  the  rest  of  the  crater.  If  a  lower  temperature  than  the 
normal  incandescence  be  found  at  the  crater,  it  is  because  the 
positive  carbon  is  too  large  for  the  current.  Under  these 
circumstances  the  arc  generally  flickers  irregularly,  and  a  highly 
incandescent  patch  travels  about  over  the  surfiice  of  the  crater. 

The  large  amount  of  light  intercepted  by  the  negative  carbon 
raises  the  question.  What  becomes  of  it?  It  is  evident  that  it 
strikes  the  lower  carbon,  and  is  probably  converted  into  heat ;  but 
since  only  about  10  per  cent,  of  the  whole  radiation  of  an  arc  is  in 
the  form  of  light,t  most  of  the  *'  cooking  "  of  the  lower  carbon  is^ 
done  by  mere  heat. 

It  is  not  difficult  to  reconstruct  the  shape  of  the  carbons  which 
must  have  given  rise  to  the  curve  given  in  Fig.  1,  but  to  do  so  is 
nothing  more  than  a  geometrical  exercise,  and  leads  to  no  usefbl 
result.  A  similar  relation  obtains  between  the  candle-power 
curve  of  an  alternating-current  arc  and  the  shape  of  its  carbcms^ 
but  the  use  of  alternating  axes  is  not  common :  the  light  is  not, 

♦  S.  P.  Thompson,  Society  of  Arts,  March  6,  1S89,  EUetricianfVoL  sxiL,pw  534. 
t  Prof.  Marks,  American  Inst.  Electrical  Engineers,  vol.  ri. ;  l^e  Eleetn'ciam^ 
Tol.  XXV.,  p.  150,  et  9tq, 
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for  cmtdoor  pnrposee^  thrown  in  a  useful  direction ;  it  is  difficult  to 
prevent  the  arc  from  flickering  round  the  carbons,  and  they  give 
so  much  trouble  from  other  causes  ,that  they  are  seldom  worth 
using. 

Two  other  kinds  of  arc  are  the  lighthouse  and  the  search 
light.  A  very  elaborate  set  of  experiments  was  carried  out  in 
1878  at  Chatham,  under  the  direction  of  the  Boyal  Engineers 
Committee,  by  Major  E.  Y.  Armstrong,  Lieutenant  G.  Bowker^ 
Lieutenant  P.  Cardew,  Lieutenant  L.  Darwin,  Lieutenant  Gr.  A. 
Carr,  assisted  by  Lieutenant  R.  White  and  Captain  Abney.  Ten 
dynamos,  six  lamps,  six  projectors,  and  five  kinds  of  carbons  were 
tested ;  photometric  measurements  were  made,  and  photographs^ 
were  taken  both  facing  the  crater  and  at  right  angles  to  it.  From 
the  photographs  the  area  of  the  crater  could  be  determined  ► 
The  candle-power  per  square  inch  seemed  to  vary  in  an  indefinite 
way  between  76,000  and  25,000  candles  per  square  inch. 

The  photographs  taken  from  the  side  give*  a  very  good  idea 
of  the  position  of  the  carbons  and  the  small  obstruction  of  the 
n^ative  carbon  when  a  search  light  is  properly  arranged » 
Finding  that  so  complete  an  examination  of  search  lights  has 
been  made,  I  have  not  proceeded  with  the  experiments  which 
I  had  intended  to  carry  out  on  this  kind  of  lamp.  I  had 
some  difficulty  in  finding  this  report,  which  was  intended  for 
Government  use  only.  I  was  allowed  by  Major  B.  Euck 
to  examine  a  copy  at  the  Horse  Guards,  and  on  making  appli- 
cation through  him  to  the  Lispector-General  of  Fortifications 
the  report  was  allowed  to  be  made  public.  Instead  of  attempt- 
ing to  abstract  this  very  interesting  research,  I  have  presented 
the  copy  to  the  Library  of  the  Institution. 

By  permission  of  Mr.  Inglis,  secretary  to  the  Trinity 
House,  I  was  allowed  to  examine  the  working  of  the  St. 
Catherine's  Point  Lighthouse  at  the  beginning  of  the  present 
month,  and  to  have  the  machinery  run  during  the  daytime: 
The  magneto  machines  and  lamps  are  the  same  that  were 
used  at  the  South  Foreland  in  1884  and  1885.  Alternating 
currents  from  180  to  300  amperes  are  used;  the  volts  at  the 
lamp  are  only  about  3d  to  38.     Sir  James  Douglass's  fluted 
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carbons,  of  50  mm.  and  60  mm.  diameter,  are  used,  the  smaller 
size  being  employed  during  clear  weather.     Fig.  8  gives  sections 

of  these  carbons  full  size ; 
.  they  have  a  graphite  core. 
The  conditions  are  alto- 
gether different  from  the 
continuous-current  arc 
which  has  been  described. 
It  was  found  during  the 
South  Foreland  experi-. 
ments  that  a  short  arc 
gives  more  light  than  a 
long  one.  It  must  be 
remembered  that  the 
horizontal  light  is  the 
most  useful,  although  in 
alarge  lantern  aconsider- 
able  angle  is  utilised  by 
I  the  lenses.  A  large  alter- 
nate-current arc  is  very 
unsteady:  the  flame  bums 
away  the  carbon  in  a  verj' 
irregular  manner;  and 
when  roimd  carbons  were 

Fig.  8.— Section  of  Sir  James  DoQgla88*8  Fluted    used  a  hoUow  crater  V&S 
Carbons,  60  mm.  and  60  mm.    FuU  siw.  f^^^^  ^^  ^^^  ^^^  ^f^]^^ 

The  walls  of  the  crater  would  give  way.  and  cause  great  variation 
in  the  light.  By  the  use  of  fluted  carbons  little,  if  any,  hollowing 
takes  place,  and  the  light  is  more  uniformly  emitted.  It  seems 
probable  that,  since  each  carbon  is  only  at  a  high  state  of  incan- 
descence during  half  a  period,  a  short  arc  gives  more  light  because 
the  carbons  keep  each  other  warm.  The  same  amount  of  radiant 
energy  may  be  given  off  with  a  long  arc  and  a  short  one,  but  when 
the  chilling  of  the  negative  is  reduced  a  greater  proportion  of 
the  radiation  will  be  in  the  form  of  light.  With  a  long  alter- 
nating arc  the  flame  wanders  round,  and  is  blown  violently 
sideways,  and  the  crater  therefore  tends  to  be  shifted  to  one 
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side  of  the  carbon.  The  distance  between  the  carbons  is  only 
1-1 6th  inch  to  1 -8th  inch,  and  as  they  are  by  no  means  flat  it 
is  the  exception  that  any  intei-val  can  be  seen  between  them. 

I  understood  that  an   optical    apparatus  was  provided    for 
projecting  the  image  of  the  arc  on  the  side  of  the  lantern,  for  the 


\ 


f 


purpose  of  keeping  the  carbon  points  in  the  focal  plane  of  the 
lenses.  I  found,  however,  that  no  such  instrument  was  in  use  at 
St.  Catherine's  Point,  bat  a  very  satisfactory  image  was  thrown  by 
the  object  glass  of  a  telescope.  The  distances  were  arranged  so 
that  the  image  was  full  size.    The  shape  changed  so  quickly  that 
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it  was  impossible  to  draw  the  image  with  great  accuracy,  and 
attention  was  paid  only  to  the  outline  of  the  carbons  and  of  the 
crater.  The  outlines  in  Fig.  9  are  reproduced  from  a  series  of 
tracings  made  at  intervals  of  half  a  minute.    Fig.  10  is  an  inte- 


Fio.  10. 

resting  set,  showing  the  gradual  development  and  disappearance 
of  an  irregular  interlocking  of  the  two  carbons.  This  does  not 
appear  to  have  any  connection  with  the  flutings  of  the  carbons, 
and  I  have  noticed  it  on  several  occasions,  both  at  the  light- 
house at  the  recent  Naval  Exhibition  and  at  St.  Catherine's 
Point.  A  glance  at  these  tracings  shows  that  only  a  very  small 
portion  of  the  true  light-giving  surface  is  visible,  owing  to  the 
shortness  of  the  arc.  Fig.  11  is  a  pair  of  tracings  showing  the 
most  regular  and  the  most  irregular  form  of  crater. 


Fig.  11. 
The  araai  of  the  crater  on  the  tracings  were  meagored  bj^a 
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plonimeter,  the  tracing  point  being  taken  ten  times  round.  The 
mean  area  of  Fig.  9  is  0*2087  square  inch,  and  the  mean  of  Fig.  10 
is  0*146  square  inch.  The  interlocking  form  of  crater  appears, 
therefore,  to  give  about  30  per  cent,  less  light.  The  candle-power 
fer  240  amperes,  according  to  the  measurements  made  at  the  South 
Foieland  in  1884  and  1885,  is  about  16,000  C.P.,  giving  about 
75,000  candles  per  square  inch  if  the  light  were  entirely  due  to 
the  crater.  The  area  of  the  yellow-  and  orange-coloured  parts  of 
the  carbons  was  very  difficult  to  estimate,  but  it  was  very  much 
greater  in  proportion  to  the  true  crater  than  in  a  continuous- 
<nirrent  lamp  taking  10  to  20  amperes.  Taking  these  parts  as 
exposing  aboat  four  times  the  area  of  the  crater,  and  giving 
one-eighth  of  the  light  per  square  inch,  the  crater  alone  may  be 
taken  as  giving  two-thirds  of  the  whole,  or  about  50,000  candles 
to  the  square  inch.  This  agrees  fairly  well  with  the  result 
already  given  for  the  measurements  at  Finsbury. 

It  was  found  during  the  South  Foreland  experiment  that 
40  mm.  cylindrical  carbons  became  red-hot  throughout  their  whole 
length  when  300  amperes  were  passing.  The  fluted  carbons, 
measming  60  mm.  over,  have  a  sectional  area  equal  to  that  of  a 
<;ylinder  about  46  mm.  diameter — that  is,  2 J  square  inches;  but 
the  cooling  surface  is  about  50  per  cent,  greater.  Larger  carbons 
would  probably  bum  yet  more  irregularly,  and  yet  it  seems  very 
<lesirable  to  increase  the  light  during  foggy  weather.  If  the  ends 
of  the  carbons  could  be  maintained  conical,  all  the  light-giving 
surface  would  be  usefuUy  employed.  A  carbon  which  is  more  and 
more  refractory  towards  the  centre  suggests  itself;  but  even  at 
present  the  consumption  is  from  1^  to  2^  inches  per  hour,  and 
modification  can  only  be  made  in  the  direction  of  less  refiactory 
material.  The  flame  might  be  made  to  spin  round  the  carbons 
under  the  influence  of  a  magnetic  field ;  but  the  simplest  plan 
seems  to  be  the  revolution,  or  gyration,  of  the  carbons  about  a 
common  axis,  their  centres  being  slightly  displaced.  In  order  to 
obviate  sliding  contacts,  a  gyratory,  motion  would  be  the  best. 
The  power  of  the  St.  Catherine's  Point  Lighthouse  has  been 
called  6,000,000  to  7,000,000  C.P.  This  would  require  an  area  of 
crater  of  abojut  1  square  foot 
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The  following  measurements  of  red  and  green  light  from 
different  sources  have  been  made  by  Professor  L.  Weber,  of 
Breslau,*  taking  incandescent  platinum  as  imity.  Taking  the 
YioUe  platinum  unit  at  IS'5  standard  candles,  I  have  converted 
them  into  candles  per  square  inch  and  candles  per  square 
centimetre,  and  have  added  six  other  sets,  with  white  light  only, 
from  my  own  observations. 


C.P.  per  Sq.  In. 

C.P.  per  Sq.  Cm.     [ 

Red. 

Green. 

Ked. 

Green. 

Platinum  (Violle  standard) 

... 

120 

120 

18-5 

18-5 

Sail's  disc     ... 

... 

487,000 

1,000,000 

75,500 

155,000 

Sky,  near  sun      

..• 

120 

120 

18-5 

18-5 

Albo  carbon  on  edge 

••« 

73-5 

60-7 

U-4 

9-4 

White    paper,  horizontal,  ex-^ 
posed  to  summer  sky,  noon     ) 

lG-5 

35-2 

2-56 

6-45 

White    paper,    san  GO**    higl 
paper  facin  g  sun     

-} 

8-25 

17-2 

1-88 

2-G7 

Albo  carbon  flat 

... 

10-5 

8-7 

1-63 

1'35 

Argaud  ••«     • •     ••• 

... 

G-8 

5-24 

106 

0-82 

Black  velvet,  summer  sky,  noon 

0*0833 

0-07 

0-0052 

0-0109 

White  paper,  reading  without) 
stmlniiig i 

0-0018 

i 
0-0024 

1 

0-00028 

0-00037 

White.              ! 

White. 

Sperm  candle      

2            ! 

0-31 

Moon,  85**  above  horizon  ... 

2                   ; 

0-31 

.,      high 

3                   ' 

0-46 

Batswing  (whole  flame)    ... 

2-25                 1 

0-35 

Methven  standard      

4-3                  i 

0-66C 

Crater  of  electric  arc 

45,000              \ 

7.000 

The  foregoing  considerations  about  continuous-current  arcs 
point  to  the  value  of  a  long  arc  and  a  small  and,  if  possible,  a 
iwinted  negative  carbon ;  but  these  must  without  hesitation  be 
sacrificed  to  perfect  steadiness.  For  outdoor  work  the  uniformity 
of  distribution  is  not  much  affected  by  the  shadow  of  the  lower 
carbon ;  indeed,  the  latter  may  perhaps  be  advantageous,  for  there 
is  a  fair  amount  of  stray  light  immediately  beneath  an  arc  lamp ; 


'  Journal  fur  GasbeUuchtung,  Electrician,  toI.  xxt.,  P^4^- 
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and  if  the  lower  carbon  could  be  dispensed  with,  there  would  be 
an  overpowering  illmninationy  which  would  make  street  lighting 
much  more  irregular  than  at  present,  unless  very  high  posts 
were  used.  But  for  railway  stations  and  for  such  places  as  the 
British  Museum  reading  room,  some  improvements  might  be 
made  in  this  direction.  Experiments  have  been  made  with  a 
carbon  rod  surrounded  by  a  carbon  tube,  arranged  pointing 
downwards,  and  the  arc  has  been  made  to  travel  round  by 
magnetic  rotation.  The  rod  should  be  positive,  as  the  end 
sorfiBu^  of  the  tube  would  be  too  large  to  keep  incandescent, 
unless  with  a  very  large  current.  The  Jamin  candle,  a  modifi- 
cation of  the  Jablochkoff,  and  the  Bapieff  and  Hedges  lamps, 
are  examples  of  efforts  in  this  direction. 

Several  attempts  have  been  made  to  improve  the  arc  by 
adding  volatile  substances,  or  by  introducing  gas  through  a 
hollow  carbon.  The  most  successful  of  these  appears  to  have 
been  the  Saunderson  method  of  using  hydrocarbon  by  means  of 
a  wick^  but  nothing  has  been  heard  of  this  for  some  time.  The 
only  good  eflfect  that  can  be  expected  is  the  production  of  a  long 
arc  which  will  reduce  the  shadow  of  the  lower  carbon ;  and  it  is 
likely  that  the  temperature  of  the  crater  will  be  reduced  by  the 
presence  of  any  substance  less  volatile  than  the  best  carbon. 

With  a  scientific  but  misguided  regard  for  truth,  the  candle-* 
power  of  arc  lamps  has  been  reduced  to  its  "mean  spherical'* 
value  by  many  authorities.  An  easy  way  to  arrive  at  this  is 
to  cut  out  a  piece  of  card  to  the  shape  of  a  candle-power  diagram, 
SQch  as  Figs.  1,  2,  or  3.  By  balancing  this  on  a  pencil,  on  a  line 
parallel  with  the  perpendicular  axis,  the  distance  of  the  centre 
of  gravity  from  the  axis  may  be  found.  The  area  may  be 
measured  with  a  planimeter,  or  by  comparing  the  weight  of 
the  card  with  that  of  the  rectangle  out  of  which  it  was 
cut,  or  by  treating  the  curve  as  being  composed  of  half  an 
ellipse  and  part  of  a  parabola.*  Then,  measuring  the  distance 
of  the  centre  of  gravity  from  the  axis,  and  multiplying  this 
by  2  TT  times  the   area,    the   solid    contents   pf    the   figure   of 

*  Area  of  ellipse  =  minor  axis  x  major  axis  x  «'/4.  Area  of  panbola'  r 
IJMe  X  I  height  ^  T 
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revolution  of  the  curve  about  its  axis  are  obtained.  The 
spherical  candle-power  of  the  arc  is  equal  to  the  radius  of  a 
sphere  having  the  same  solid  contents.  As  so  little  light  is 
emitted  above  the  horizontal,  it  would  seem  quite  aa  useful  to 
take  the  mean  hemispherical  candle-power.  But  we  not  only 
learn  nothing  fresh,  but  are  likely  to  be  misled,  for  a  light  giving 
the  same  mean  spherical  candle-power  would  not  be  nearly  so 
useful  as  an  arc.  The  mean  spherical  candle-power  has  been 
found  by  M.  Rousseau  by  plotting  to  rectangular  co-ordinates.* 
But  the  method  is  not  much  easier,  and  it  seems  better  to  retain 
the  polar  curve,  which  has  a  geometrical  meaning. 

Since  there  is  little  or  no  difference  in  the  light-giving 
properties  of  arc  lamp  carbons,  the  various  qualities  differing 
mainly  in  homogeneity  and  rate  of  burning,  and  since  there 
must  be  a  definite  relation  between  the  watts  expended  and  the 
area  of  the  crater,  or  the  candle-power,  it  seems  preferable  to 
denominate  the  size  of  arc  lamps  by  the  number  of  watts 
expended.  There  is  no  reason  why  the  maximum  candle-power 
at  the  best  angle  should  not  be  given,  if  the  candle-power  be 
mentioned  at  all;  but  the  carbons  should  be  very  carefully 
centred,  and  the  test  should  be  made  either  with  several 
photometers  simultaneously,  or  with  a  lamp  revolving  like  a 
meat  jack.  The  nominal  2,000  candle-power  which  10-ampere 
arc  lamps  are  sometimes  supposed  to  give,  is  a  perfectly  nn* 
justifiable  convention,  and  has  been  very  properly  characterised  as 
"a  fine  old  crusted  lie," 

It  might  be  imagined  that,   since   an   ordinary   opal  globe 

surrounding  an  arc  lamp  does  not 
appear  to  differ  greatly  from  a 
uniformly  luminous  sphere,  the 
candlt^ower  at  different  angles 
would  be  very  much  more  unifomu 
This,  however,  is  not  the  case. 
Fig.  12  has  been  derived  from  the 
Fig.  12.  ^        measurements  of  the  illumination 


*  Eric  Gerard,  <<Le90D8  ear  TJi^lectricite,'*  vol.  ii.,  p.  298. 
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on  the  surfiekce  of  the  street  by  an  arc  lamp  in  Gomhilly  an  opal 
globe  being  used;  the  dotted  line  is  assumed.    Fig,  13  is  a  pair 


Fig.  13. 

of  similar  curves,  derived  from  measurements  made   in   Queen 
Victoria  Street  with  arc  lamps  enclosed  in  moulded  glass. 

Owing  to  the  difficulty  of  comparing  the  light  from  an  arc 
lami>  with  the  light  of  a  candle,  on  account  of  the  difference  of 
colour,  it  has  been  a  common  practice  to  make  photometric 
measurements  with  red  and  with  green  glasses,  and  elaborate  tests 
have  been  made  by  Professor  E.  L.  Nichols  and  others  throughout 
the  whole  range  of  the  visible  spectrum.  The  red  and  green 
glasses  allow  rather  more  definite  readings  to  be  made ;  but  by  a 
Uttle  practice  with  a  photometer,  which  allows  very  free  and 
rapid  changes  to  be  made  by  the  oscillation  of  a  lever  or  a 
handle,  very  much  greater  accuracy  may  be  obtained  than  with 
an  instrument  in  which  a  screen  or  a  lens  has  to  be  moved  on  a 
slide  until  a  balance  is  effected.  But  the  green  and  red  measure- 
ments having  been  taken,  no  one  has  yet  suggested  what  is  to  be 
done  with  them;  neither  the  mean,  the  sum,  nor  the  product 
has  any  physical  meaning,  and  the  two  readings  are  generally 
given  side  by  side.  For  purely  scientific  work,  where  the  light  is 
treated  as  radiant  energy,  either  the  whole  spectrum  should  be 
measured  and  compared  with  a  standard,  or  the  luminous  rays 
should  be  carefully  separated  from  the  dark  heat  rays,  and  the 
radiation  measured  as  a  whole.  Such  measurements  have  been 
made  by  H.  Nakano  and  by  Louis  B,  Marks,*  and  form  a  very 
valuable  contribution  to  our  knowledge  of  the  efficiency  of  the  arc. 

•  American  Institnte  of  Elccti-ical  Engineers,  May  21,  1890,  Electrician,  vol. 
xxY.,  p.  150. 


Digitized  by 


Googk 


378  NOTES  ON  THE  LIGHT  OF  [April  SStft, 

It  has  been  shown  by  M.  A.  Crova*  that  the  portion  of  the 
spectrum  lying  near  X  =  582  gives  a  true  measure  of  the  total 
candle-power  of  a  light.  Professor  E.  L.  Nicholsf  finds  X  =  600  to 
be  the  position.  For  a  considerable  range  of  temperature  the 
ratio  between  the  intensities  of  this  jiart  of  the  spectrum  is 
practically  identical  with  the  ratio  of  the  candle-power  of  two 
lights. 

The  use  of  the  green  and  red  measurements,  besides  facilitating 
the  work  of  the  photometrilt,  is  to  compare,  in  a  rough  way,  the 
whiteness  of  the  light  under  observation  with  a  standard  light. 
The  measurements  of  M.  de  Nerville^  afiford  some  information  as 
to  the  colour  of  the  arc  lamps  at  the  Hippodrome,  the  glow  lamps 
at  the  Opera  House,  and  the  gas  lighting  at  the  Post  Office  in 
Paris.  But  this  information  can  be  obtained  only  in  the  arbitrary 
terms  of  the  ratio  of  the  red  reading  to  that  taken  with  the  green, 
when  these  two  are  equal,  and  the  ratio  is  unity.  This  was  the 
case  with  the  Edison  lamps  at  the  Opera  House,  but  it  tells  us 
nothing.  A  complete  luminosity  curve  for  each  glass  throughout 
the  spectrum  would  be  required  to  explain  these  readings ;  but 
even  then  the  resultant  luminosity  cune  could  not  be  derived. 
Some  idea  of  the  quality  of  the  light  thus  measm-ed  may  be 
determined  by  comparing  the  ratio  of  the  red  and  green  components 
of  some  standard  light.  Such  a  comparison  may  be  effected  by 
measurements  made  by  M.  de  Nerville  on  the  illumination 
produced  by  bright  sunlight  shining  on  a  window  with  white  blinds. 
The  ratio  of  green  to  red  in  this  particular  photometer  was  about 
3*5  to  1  for  sunlight  at  four  o'clock  in  the  afternoon  on  Jlay  1, 1890. 

Captain  Abney  has  made  many  investigations  on  the  colour  of 
daylight,  and  a  chapter  is  devoted  to  this  in  his  popular  book  on 
colour  measurement  and  mixture.  In  searching  for  a  standard 
light  of  uniform  colour  he  found  nothing  to  equal  that  which 
is  given  from  the  crater  of  an  arc.  This  is  very  satisfactory  to 
electrical  engineers,  but  it  gives   no  definite  information  as  to 

*  Electrical  Congress,  Paris,  1889. 

t  American  Institute  of  Electrical  Engineers,  1890,  Electrician,  toL  xxir., 
p.  226. 
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the  real  quality  or  degree  of  whiteness  of  the  light.  The  popular 
idea,  and  one  which  is  very  firmly  fixed,  is  that  arc  lamps  give  a 
hlxddi  lighty  sometimes  rather  violet;  that  it  shows  up  certain 
colours  in  a  sickly  or  unnatural  manner;  and  there  is  a  wide- 
q)read  belief  that  it  not  only  acts  injuriously  on  the  complexion^ 
but  pierces  cosmetic  embellishments.  These  ideas  are  of  so 
serious  a  nature  that  I  venture  to  discuss  the  quality  of  the 
h'ght  of  the  electric  arc ;  since,  although  it  is  not  a  strictly 
electrical  matter,  it  has  a  rather  important  aspect,  in  so  &r  as 
it  is  a  more  or  less  unpopular  feature  of  electric  lighting. 

The  only  standard  of  pure  white  light  which  we  have,  is  that 
of  the  diffused  light  of  a  summer  day.  Artists  are  familiar  with 
the  fact  that  direct  sunlight  is  yellowish,*  even  on  the  clearest 
days;  and  that  a  blue  sky,  on  the  other  hand,  gives  distinctly 
blue  light ;  and  that  both  of  these  must  be  avoided,  or  a  picture 
painted  under  such  lights  will  appear  too  cold  or  too  warm  when 
hung  in  a  diffused  light.  Captain  Abney  and  Dr.  Bussell  have 
found  that  at  different  seasons  of  the  year  and  at  different  times  of 
the  day  very  considerable  changes  occur  in  the  colour  of  sunlight, 
owing  to  the  absorption  of  bluish  light  by  the  atmosphere.  It 
does  not,  however,  appear  impracticable  to  me  to  fix  on  a  fairly 
typical  degree  of  whiteness,  such  as  that  of  chalk,  whiting,  or 
alumina  exposed  to  diffused  light  in  summer  time.  A  luminosity 
curve  of  the  spectrum  of  such  light  would  be  a  standard.  Com- 
pared with  such  a  white,  or,  indeed,  by  a  very  rough  comparison 
with  ordinary  daylight  in  clear  weather,  the  arc  gives  a  distinctly 
pale  primrose  light,  rather  warmer  than  straw-yellow,  and,  to 
my  eye,  distinctly  yellowish,  in  spite  of  the  pale  violet  flame 
which  with  inferior  carbons  occasionally  flares  up  at  irregular 
intervals.  It  is  no  use  telling  an  unscientific  person  that  the 
light  is  not  blue,  but  pale  yellow ;  he  will  answer,  "  It  appears  to 

*  Br.  W.  J.  Rnnell  and  Capt.  Abnej.on  the  other  hand,  say :  <<The  light  from 
*'  a  Aj  which  is  cloudy  has  very  much  the  same  composition  as  sunlight  itself,  as 
^  we  hATe  repeatedly  proved."  '^  The  proportion  of  blue  rays  in  sunlight  near 
<(  mid-day  in  May  is  very  nearly  the  same  as  the  standard  light "  (*'  the  white-hot 
**  crater  in  the  positive  carbon  pole  of  the  electric  Ught ").—«» Report  on  the 
*  *  Action  of  Light  on  Water  Colours,"  c.  5458, 1888,  pp.  28  and  69.       ^  ^^^T^ 
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"  me  to  be  blue  or  violet,  and,  therefore,  to  me,  and  to  99  people 
**  out  of  a  hundred,  it  is  blue  or  violet." 

Three  reasons  can  be  brought  forward  to  explain  this  optical 

illusion.    After  dusk  we  are  accustomed  to  the  use  of  strongly 

yellow  and  even  orange-coloured  light  of  gas,  lamps,  candles,  or 

glow   lamps,  and   our  own  idea  of  whiteness  is  lowered.    The 

whitest  thing  that  we  can  see  is  a  sheet  of  white  paper,  which  is^ 

of  course,  no  whiter  than  the  yellow  light  of  the  lamps;  we 

imagine  that  it  is  white,  and  thus  a  false  standard  of  white  is' 

obtained.      When  a  really  whiter,  though  not  perfectly  white, 

light  is  introduced,  it  naturally  seems  to  be  bluish  compared  with 

the  false  standard  of  white.     Whether  our  idea  of  white  really 

becomes  altered  is  a  psychological  question  which  it  would  be 

out  of  place  to  discuss  in   the  present  paper.      Secondly,  after 

dusk,  the    blue-seeing    ner\'0U8    elements  of   the  eye  (on  the 

Young-Helmholtz  theory)  are  allowed  to  rest,  while  most  of  the 

work  falls  upon  the  red-  and  green-seeing  elements.    These  latter 

become  wearied,  while  the  former  are  in  a  more  highly  receptive 

condition  than  during  the  day.     As  soon  as  a  light  containing 

a  tolerable  proportion  of  blue  light  is  seen,  it  naturally  appears  to 

be  more  blue  than  white.     The  third  suggestion  is  based  upon  a 

result  of  Captain   Abney's  researches,  which  show  that  for  the 

most  feeble  illuminations  no  colour  can  be  distinguished,  and  that 

the  first  colour  which  can  be  discovered  is  blue.     He  finds,  and  is 

supported  in  this  by  Lord  Bayleigh,   that  the  faintest  Ught 

appears  of  a  greyish-green  colour ;  and  Captain  Abney  attributes 

the   apparent  colour  of   moonlight  to    this  cause.     1  do  not 

attach  much  importance  to  the  application  of  this  phenomenon 

as  an  explanation  of  the  colour  of  the  light  of  arcs,  but  it  is 

worthy  of  record   in   this  connection.      When   the   eye  passes 

gradually  from  daylight  into  electric  light  without  seeing  any 

distinctly  yellow  light,  the  sensation  of  blueness  is  rarely,  if  eveTr 

observed. 

It  would  be  easy  to  humour  this  optical  illusion,  as  is  done 
at  the  British  Museum  reading  room,  by  the  use  of  screens  of 
yellowish  glass ;  but  a  much  more  important  consideration  is  tho 
value  of  the  arc  light  for  the  proper  discrimination  of  colours; 
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and  though  it  is  fomid  in  dye  works  that  most  colours  can  be 
matched  with  a  good  15-  or  20-ampere  arc,  there  appears  to  be 
no  reason  why  a  perfect  reproduction  of  a  standard  daylight 
quality  of  whiteness  should  not  be  obtained — at  all  events,  with 
arc  lamps,  if  not  with  glow  lamps.  The  public  would  not  be 
ready  to  believe  it :  they  would  call  such  a  light,  bright  blue ; 
but  that  does  not  matter  much.  As  the  idea  did  not  occur  to 
me  until  the  autumn  of  last  year,  I  have  been  unable  to 
make  experiments  with  summer  daylight ;  but  as  it  would  be  a 
misfortune  if  it  were  patented,  I  take  the  present  opportunity 
of  describing  the  principle. 

The  full  line  in  Fig.  14  is  the  luminosity  curve  for  the  light 


Pig.  14.— Arc  and  Sun. 

of  the  positive  pole  of  an  arc  as  determined  by  Captain  Abney. 
The  horizontal  scale  is  the  length  of  the  spectrum,  and  the 
letters  refer  to  the  well-known  line.  The  ordinates  are  a  measure 
of  the  brightness  of  each  part  of  the  spectrum.  The  dotted 
line  is  the  luminosity  curve  for  sunlight  in  May,  from  the  same 
authority.    Fig.  15  shows  the  difference  between  these  two  cunes. 


Fig.  15.— Arc  and  Sun — Difference. 

The  portions  which  lie  below  the  horizontal  line  represent  the 
excess  of  orange  and  greenish  rays  in  the  arc,  and  the  portion 
which  lies  above  the  line  represents  the  deficiency  in  blue  rays. 
Buch  a  deficiency  has  the  same  effect  on  the  eye  as  an  excess  of 
yellow,    and  the  whole  effect  is    distinctly  more  yellow  than 
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sunlight.    The  light  of  a  glow  lamp  at  ordinaiy  incandescence  is 
almost  exactly  the  same  as  that  of  gas.     Fig.  16  gives  the 


Flo.  16.— Arc  and  6a& 
Imninosity  curves  of  arc  and  gas;  and  Fig.  17  shows  the  difference 


Fig.  17. — Arc  and  Gas — ^Difference. 

which,  when  the  curve  of  gaslight  is  reduced  so  as  to  fall  wholly 
within  the  arc  curve,  as  in  Fig.  16,  consists  of  a  deficiency  which 
increases  rapidly  towards  the  blue. 

Assuming  ideal  daylight  to  be  rather  less  yellow — that  is, 
more  blue  than  sunlight — ^the  dotted  curves  in  Fig.  18  have  been 


Fig.  18.— Arc  and  Daylight  of  different  Strengths. 

drawn  from  Captain  Abney's  curves  of  sunlight  and  the  light  of 
blue  sky.  One-third  of  the  difference  between  sunlight  and  blue 
sky  has  been  added  to  the  sunlight.    The.  dotted  curves  are  of 
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the  same  kind,  but  the  ordinates  have  been  reduced.    Fig.  19 


Fio.  19. — Arc  and  Daylight — ^Differences. 

shows  the  differences.  Compared  with  the  strongest  daylight 
curve,  the  are  has  a  marked  excess  of  orange,  and  a  deficiency  of 
greenish  blue.  With  weaker  daylight  there  is  a  greater  excess  of 
yellow ;  and  with  the  weakest  light  shown,  since  it  lies  almost 
entirely  within  the  arc  curve,  there  is  practically  no  deficiency  in 
the  blue. 

There  are  two  different  ways  in  which  this  result  may  be 
practically  used  to  produce  artificial  daylight.  A  glass  or  other 
medium  may  be  tinted  with  stains,  or  dyes,  which  will  absorb  the 
proper  amount  of  yellow  and  red  light,  and  the  lamp  may' be 
Burrounded  by  such  a  medium;  or  a  reflecting  screen  may  be 
l>ainted  with  such  a  colour  that  this  yellow  light  may  be  absorbed, 
and  the  white  light  alone  may  be  reflected.  Blue  glass  chimneys 
are  used  for  microscope  work,  and  are  occasionally  used  for 
reading  lamps  with  the  view  of  giving  a  more  agreeable  light. 
Tlie  lowest  curve  but  one  in  Fig.  19  has  a  small  deficiency  of 
greenish  blue :  this  would  affect  the  eye  as  a  very  faint  yellowish 
tinge.  If  the  excess  of  yellow  in  the  rest  of  the  spectrum  could 
be  corrected,  a  very  close  approximation  to  daylight  would  be 
attained.  About  one-third  of  the  useful  jwwer  of  the  light  would 
have  to  be  sacrificed.  With  gaslight  or  glow  lamps  more  than 
two-thirds  of  the  light  would  have  to  be  absorbed  in  order  to 
reproduce  the  effect  of  daylight. 

Quite  apart  from  considerations  of  colour-matching,  the  use  of 
a  white  light  ought  to  be  good  for  the  eyes,  since  all  the  nervous 
elements  would  be  equally  excited  as  in  normal  daylight.  I 
have  not  yet  completed  my  experiments  on  coloured  shades, 
but  have  produced  colour  screens  which,  when  illuminated  by 
lamplight,  reflect  a  light  which  cannot  be  distinguished  from 
white  when  compared  with  daylight.     It  does  not  follow  that  the 

Digitized  byVjOOQlC 


W4  NOTES  OX  THE  LIGHT  OF  THE  ELECTRIC  ARC.  [April  28th^ 

light  is  identical  with  daylight;    but   I  hope  to  follow  up  the 
matter  during  the  summer. 

Swinburne.  Mr,  J.  SwiNBURNE :  I  must  Congratulate  Mr.  Trotter  on 
bringing  forward  a  paper  on  a  subject  that  has  not  before  beefn 
dealt  with  in  anything  like  the  same  exhaustive  manner.  The 
importance  of  studying  arc  lamps  in  a  really  scientific  way  cannot 
be  over-estimated.  The  efficiency  and  output  of  an  arc  lamp 
are,  as  a  matter  of  fact,  even  more  important  than  those  of  the 
generators  supplying  it,  as  electrical  energy  costs  more  at  the 
lamp  than  at  the  station. 

The  ob\'iou8  fact,  first  pointed  out  by  Dr.  S.  P.  Thom]>soii9 
that  the  crater  is  at  the  temperature  of  volatilisation  of  carbon^ 
appears  to  me  to  give  us  a  standard  of  white  light.  Kirchhoff 
and  others  have  shown  that  the  colour  of  light  from  incandescent 
bodies  depends  on  the  temperature  only,  and  not  on  the 
emissivity  or  any  other  quality  of  the  radiating  surface ;  that  i» 
to  say,  at  any  given  temperature  the  proportion  of  rays  of 
different  wave  lengths  is  the  same,  though  the  light  emitted  per 
square  centimetre  depends  on  the  emissivity  as  well  as  the 
temi^erature.  If  the  arc  is  at  a  definite  temperature,  it  thu» 
gives  light  of  the  same  colour  always.  There  is  probably  little 
difference  in  the  emissivities  of  different  samples  of  are  carbon, 
as  they  are,  doubtless,  all  about  equally  black.  The  light  per 
square  centimetre  of  crater  will  therefore  also  be  constant.  A 
standard  of  light  can  therefore  be  constructed  as  follows.  A 
search  light,  or  other  good  lamp,  would  be  used.  A  shade,  with 
a  pinhole  of  known  dimensions,  would  be  placed  in  front  of  it, 
throwing  an  inverted  image  of  the  arc  on  a  screen  placed  a 
certain  distance  from  the  pinhole  shade.  This  screen  would  thns 
have  an  image  of  the  arc  of  the  standard  colour,  with  the 
standard  illumination.  A  hole  of  standard  size  is  cut  in  this 
screen,  and  the  shade  is  adjusted  so  that  this  hole  falls  well  within 
the  uniform  part  of  the  image.  A  standard  quantity  of  light 
then  passes  through  this  hole.  For  photometric  work  the  screen 
would  be  replaced  by  the  photometer  screen  itself ;  the  image  of 
the*  arc  being  so  large  that  the  whole  of  the  screen  would  be  well 
within  it.     Such  a  standard  of  light  would  be  used  for  reference 

Digitized  byVjOOQlC 


1«)2.]  DISCUSSION.  886 

only — that  is  to  say,  as  a  primary  standard.  It  has  many  Mr. 
advantages.  It  can  be  easily  reproduced,  \yithout  any  complicated 
measurements ;  and  it  affords  a  definite  standard  both  of  quantity 
and  colour,  the  colour  being  approximately  that  of  daylight ;  as 
the  spectrum  of  carbon  is  continuous,  it  can  also  be  taken  as  a 
standard  of  light  of  any  colour  as  well  as  of  white  light. 

I  wish  Mr.  Trotter  had  given  us  more  information  about 
alternating-current  arcs.  The  lamps  can  be  more  easily  steadied, 
and  can  be  run  off  parallel  circuits  more  economically,  as  choking 
coils  or  constant^current  transformers  can  be  used  instead  of 
^wastefol  resistance  to  secure  the  proper  relations  between  the 
current  and  pressure.  I  hope  those  who  have  had  extensive 
experience  of  altematinig-arc  lamps  will  tell  us  something  more 
about  them.  | 

Mr.  Trotter  refers  to  lamps  with  gas  passed  into  the  arc.  I 
tried  this  in  1885.  Gas  vas  passed  through  a  hollow  carbon.  It 
merely  made  the  arc  unsteady,  or  put  it  out.  JVIr.  Saunderson, 
however,  is  said  to  have  been  more  successful. 

There  is  some  discrepancy  in  the  light  of  the  sun  and  of  the 
arc,  as  given  by  Mr.  Trotter.  They  appear  to  be  of  the  same 
colour,  therefore  the  sun  must  be  at  the  boiling  point  of  carbon. 
The  sun,  however,  gives  ten  times  as  much  light  per  square 
centimetre,  so  it  must  have  ten  times  the  emissivity  of  carbon ; 
that  is  to  say,  it  must  be  ten  times  as  black,  which  is  incredible. 

Major-General  Festing  :  I  agree  with  the  writer  of  the  paper  Major- 
in  his  view  that  the  apparent  blueness  of  the  light  of  the  arc  Festing. 
lamp  is  due  to  the  effect  of  contrasts,  and  in  support  of  this  I 
may  remark  that  the  effect  of  an  arc  lamp  running  in  full 
daylight  is  that  its  light  appears  distinctly  yellow ;  on  the  other 
hand,  if  the  shuttei*s  of  a  ballroom  be  opened  in  the  early 
morning,  the  daylight  admitted  will  appear  of  a  very  ghastly 
hue  to  those  who  have  been  dancing  all  night,  although  to  one 
who  has  had  a  good  night's  rest  early  morning  light  does  not 
appear  so. 

I  do  not  consider  that  there  can  be  any  abstract  standard  of 
whiteness  of  light.  The  diffused  daylight  to  which  we  are 
accustomed  is  what  we  call  white  light ;  and  if  this  were  altered 
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General      ^^  ^^^  change — foT  instance,  in  the  absorption  by  the  atmosphere 
FesUng.      — ^^  should  vcrj  soon  get  to  consider  the  thus  altered  light  as 
white. 

Absorption  of  the  blue  rays  by  the  atmosphere  has  been 
mentioned  in  the  discussion.  I  venture  to  point  out  that  in 
ordinary  states  of  the  atmosphere  there  is  very  little  actual 
absorption  of  the  blue  rays,  but  that  they  are  scoMered  by  small 
particles  suspended  in  the  atmosphere.  Lord  Bayleigh  has 
investigated  this  matter,  and  has  propounded  a  formula  which 
has  been  found  by  Captain  Abney  to  agree  closely  with  the  results 
of  his  experiments.  The  consequence  of  this  scattering  is  that 
the  sky  appears  blue,  and  the  direct  sunlight  more  or  less  yellow. 
In  confirmation  of  this  view,  I  may  mention  the  case  of  a 
photograph  taken  with  a  low  sun  shining  through  a  London  fog, 
in  which,  although  the  sun  was  focused  directly  on  to  the  plate, 
it  had  made  no  impression,  yet  there  was  sufficient  scattered  light 
to  give  a  picture  of  houses,  trees,  &c. 
sSnpner.  ^^'  SuMPNER :  Mr.  Trotter  has  brought  before  us  a  great 

number  of  interesting  points.  Perhaps  one  of  the  best  is  his 
explanation  of  the  shape  of  the  characteristic  curve  of  the  arc 
light.  According  to  Mr.  Trotter,  the  incandescent  surface  of 
the  carbon  gives  out  light  in  any  direction  proportional  to  the 
apparent  area  of  the  surface  seen  from  that  direction,  so  that 
the  arc  acts  like  any  other  bright  surfiEu^e.  Something  has  jost 
occurred  to  me  which  confirms  this  \iew.  There  is  a  well-known 
formula  for  finding  the  mean  spherical  candle-power  of  an  arc 
lamp  from  the  measurement  of  the  horizontal  candle-power  and 
the  maximum  candle-power.  The  formula  is  this :  The  mean 
spherical  candle-power,  S,  is  equal  to  half  the  horizontal  candle- 
power,  H,  plus  a  quarter  of  the  maximum  candle-power,  M.  Thus, 

The  mean  spherical  candle-ix>wer  of  an  arc  lamp  is  not  perhaps 
of  great  importance,  but  it  has  a  very  definite  meaning;  and  if 
we  try  to  account  for  this  formula,  we  are  led  to  the  explanation 
Mr.  Trotter  has  brought  forward.  This  formula  can  be  explained 
^  by  assuming  that  the  characteristic  curve  is  made  up  of  two 

Digitized  by  LjOOQIC 


1892.] 


DISCUSSION. 


887 


parts,  the  first  part  being  a  circle  of  the  diameter  equal  to  H,  ^jj^  ^^^ 
and  the  other  part  of  the  curve  being  composed,  as  Mr,  Trotter 
suggested,  of  a  semicircle  cut  off  by  the  shadow  cast  by  the 
lower  carbon.  Assume  the  shadow  caused  by  the  lower  carbon 
to  cut  off  the  lower  half  of  the  semicircle,  so  that  the  charac- 
teristic cun-e  consists  of  two  quadrants,  0  31,  as  in  the  figure, 


where  0  denotes  the  position  of  the  arc  light,  0  M  represents  31, 
the  maximum  candle-power  of  the  arc,  and  0  H  represents  H,  the 
horizontal  candle-power.  The  resultant  characteristic  curve  will 
he  such  that  the  radius  vector,  0  P,  is  equal  to  the  sum  of  the  two 
corresponding  radii,  0  Pi  and  0  Pj,  of  the  two  component  cur\  es, 
and  will  be  very  like  those  which  Mr,  Trotter  has  sketched. 
The  mean  spherical  candle-power  of  this  resultant  curve  will 
come  out  to  be  half  the  horizontal  intensity,  plus  the  quarter 
of  the  maximum  intensity,  in  accordance  with  the  formula. 
The  physical  meaning  seems  to  be  that  the  light  is  due  to 
two  causes.  The  circle  0  H  is  due  to  the  carbon  stick  being 
more  or  less  incandesced  round  the  surface,  owing  to  the  heating 
of  the  carbon ;  and  the  other  curve,  0  M,  is  due  to  the  upper 
carbon,  considered  as  a  bright  horizontal  disc,  the  light  of  which 
is  cut  off  more  and  more  as  the  vertical  direction  is  approached 
by  the  shadow  of  the  lower  carbon.  From  tests  which  have 
been  published  on  various  arc  lights,  I  have  found  by  calculation 
that  the  formula  may  be  relied  upon  to  give  results  coi;rect  to 

Digitized  byVjOOQlC 


3S8  NOTES  OX  THE  LIGHT  OF  THE  ELECTRIC  ARC.  [April  28th, 

Sum  ner     *  ^^  ^  P^^  Cent.,  and  the  explanation  of  this  formula  appears  to 
strongly  support  Mr.  Trotter's  contention. 

The  President:  Mr.  Swinburne  has  referred  to  alternating- 
current  arc  lamps.  It  is  an  important  question  whether  they 
do  cause  so  much  trouble  as  not  to  be  worth  using.  Perhaps 
some  member  would  like  to  speak  on  that  subject. 

Mr.  Mordey  Mr.  W.  M.  MoRDEY :  I  have  not  had  the  opportunity  of  studying 
the  paper  beforehand,  but  I  think  Mr.  Trotter  has  given  us  a  very 
carefully  considered  jmper,  and  that  he  has  given  the  true 
explanation  of  what  Dr.  Sumpner  has  called  the  "characteristic**  of 
the  arc,  and  has  thrown  a  good  deal  of  light  on  the  subject.  I 
should  like  to  question  Mr.  Trotter  on  one  or  two  points  where 
my  experience  does  not  quite  agree  with  his.  He  states  that  a 
good  arc  has  a  uniform  horizontal  crater.  One  arc,  of  course,  is 
as  good  as  another ;  it  is  simply  a  matter  of  current  and  carbon. 
With  the  same  carbon  you  have  the  same  arc.  I  am  not  speaking 
now  of  the  regulation  of  the  arc.  I  have  never  come  across  a 
uniform  horizontal  crater ;  but  have  always  found  craters  of  arcs, 
where  the  carbons  were  not  out  of  proportion  to  the  current,  quite 
concave.  I  hope  Mr.  Trotter  will  explain  what  he  means  by  the 
goodness  of  the  arc  to  give  the  horizontal  effect.  No  doubt  the 
horizontal  effect  is  better  than  a  concave  crater  if  you  can  get  it ; 
but  I  do  not  know  how  to  get  rid  of  the  concavity  except  by  a 
flaming  arc.  Then,  further  on,  it  is  stated  that  in  the  case  of 
cored  carbons  the  cored  part  is  less  brilliant  than  the  rest  of  the 
crater,  and  I  gather  that  Mr.  Trotter  intended  us  to  understand 
that  the  core  was  made  of  something  other  than  carbon.  I 
believe  many  makers  now  use  in  the  cores  certain  substances  not 
carbon;  but  a  good  many  carbons  are  made  with  simply  soft 
graphite  for  cores,  and  in  such  carbons  the  arc  is  steadied,  but 
there  is  no  difference  in  the  density,  in  the  colour,  in  the  degree 
of  light  over  the  crater.  No  doubt  with  impure  cores,  made  with 
foreign  matter,  the  core  would  be  cooler.  With  regard  to  alternate- 
current  arcs,  I  should  have  been  very  glad  if  Mr.  Siemens  bad 
spoken — I  shall  be  very  glad  if  he  is  going  to  speak  in  the 
discussion — ^because  I  think  he  has  had  greater  experience  with 
large  altemate-current  arcs   than  any  of  us.      At    the    Naval 
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Exhibition   we    all    admired  the   very  large    arc    run    on    the  jir.  Mordey. 
lighthouse,  which  was  visible  over  the  whole  of  London.     That 
was  an  altemate*cuxrent  arc,  and  seemed  to  bum  very  steadily 
whenever  I  saw  it;  it  certainly  was  steadier  than  any  direct- 
current  arc  of  equal  power  I  have  ever  seen.      We  know  how 
difficult  it  is  to  run  a  direct-current  arc  without  a  large  steadying 
resistance  in  the  circuit ;  and,  by  the  way,  was  not  the  function 
of  that  resistance  first  pointed  out  by  'Mr.  Siemens  at  the  Society 
of  Arts,   about  nine   years   ago?    I   entirely  disagree   with  the 
author  of  the  paper  as  to  alternate-current  arcs  not  being  worth 
using,  and  as  to  their  giving  trouble.     I  am  perfectly  indifferent, 
commercially,  whether  people  use  direct-current  or  alternating- 
current  arcs,  but  I  must  say  I  have   got  better  results  with 
alternating  current  than  with  direct ;  and  I  i)ut  it  down  to  the 
fEwt,  first,  that  you  can  use  longer  arcs  with  the  same  E.M.F.,  and 
the  small  difiference  of  length  due  to  the  feed  does  not  affiect  the 
whole  result  of  the  arc  as  with  the  short  direct-current  arc ;  and, 
secondly,  to  the  fisujt  that  the  alternating  ciurent  causes  a  slight 
vibration  in  the  mechanism  of  the  lamp,  and   that   assists   the 
feeding  of  the  carbon.     Of  course  I  recognise  that  this  paper  deals 
i^ith  scientific    questions,   and    not  with   such   matters  as   the 
mechanism  of  arc  lamps;  but  I  think  Mr.  Trotter  will  find  that 
with  any   ordinary  arc  lamps,  if  skilfully  made   for  alternate- 
current  working,  those  two  causes  will  enable  him  to  get  better 
results  for  the  same  type  of  lamp,  with  alternate  currents  than 
with  direct  currents.    Then  we  are  told :  "  A  large  alternate-current 
*^  arc  is  very  unsteady.    The  flame  bums  away  the  carbon  in  a  very 
^'  irregular  manner ;  and  when  round  carbons  were  used  a  hollow 
**  crater  was  formed  at  the  end  of  each."    That  may  be  the  case, 
but  I  am  sure  Mr.  Siemens  can  set  that  at  rest  by  telling  us  how 
the  big  arc  burnt  at  the  Exhibition.    My  Company  will,  in  the 
course  of  a  day  or  two,  have  a  very  large  alternate-current  lamp 
running  at  the   Crystal  Palace  Exhibition;    it  will   take   200 
amperes,  and  be  automatically  fed.     You  will  have  an  opportunity 
of  seeing  whether  that  lamp  can  be  made  as  steady  as  the  ordinary 
search  light  arc  of  equal  power ;  I  think  you  will  find  it  steadier. 
We  will  also  have  hung  up  in  the  Palace  an  ordinary  alternating 
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Mr.  Mordey.  OTc,  Tuii  III  the  Ordinary  way,  so  that  anybody  may  see  whether 
the  arc  is  steady,  and  whether  it  justifies  its  existence.  It  shall 
be  put  in  a  dark  lantern,  so  that  you  may  study  the  arc  itself. 
There  is  a  reference  in  the  jwiper  that  I  do  not  quite  understand 
as  to  whether  an  arc  can  change  its  temperature  during  half  a 
period  of  the  generation  of  an  alternating  current.  Well,  that  is 
a  physical  matter  that  I  am  not  competent  to  give  any  opinion 
upon ;  but  I  should  think  that  with  any  ordinary  rate  of  change  of 
alternating  currents — anything  from  40  to  160— such  as  we  liave 
in  practice,  the  mass  of  the  carbon  would  be  too  great  to  allow  of 
any  visible  fluctuation  in  temperature.  It  must  surely  act  as  a 
kind  of  thermal  fly-wheel  and  have  a  fixed  mean  temperature 
during  the  whole  period.  I  quite  agree  with  Mr.  Trotter's  criticism 
of  the  lighthouse  arc  lamp  shown  in  the  wall  diagitun ;  I  think 
that  is  a  very  bad  arc  indeed.  The  arc  is  fer  too  short ;  the  light 
cannot  get  out;  it  will  not  bum  steadily.  I  suppose  it  would 
not  bum  with  the  modem  machines  at  all,  unless  it  had 
something  like  30  per  cent,  of  the  total  fall  between  the  dynamo 
terminals  in  the  resistance ;  and  if  it  is  possible  to  bum  with  such, 
a  very  short  arc,  I  suppose  it  is  on  account  of  the  large  drop  in 
the  curve  of  the  dynamo.  I  think  there  should  be  a  length  of 
clear  arc  at  least  one-quarter  of  the  diameter  of  the  carbons,  to  get 
good  results.  We  are  told  the  South  Foreland  experiments 
showed  that  a  short  arc  gave  more  light  than  a  long  one.  I  think 
that  statement  ought  to  contain  some  reference  to  the  energy 
absorbed  in  the  arc.  A  short  arc  with  the  same  terminals,  and, 
of  course,  a  lower  E.M.F.,  a  lower  diflference  of  potential  on 
account  of  its  shortness  than  a  long  one,  I  think  would  be  found 
to  give  less  light  than  a  long  arc;  and  does  not  Jlr.  Trotter^s 
characteristic  show  us  that  we  ought  to  have  long  arcs — that  we 
ought  to  let  the  light  get  out  ?  I  would  suggest  that  it  might  be 
possible  to  get  a  better  illumination  curve  from  the  arc  lamp,  and 
for  many  purposes  an  improved  result,  by  putting  one  of  the 
carbons  horizontally  and  the  other  vertically,  and  forcing  out  the 
arc  by  means  of  an  electro-magnet,  so  as  to  get  the  whole  surface 
exposed  and  throw  light  down.  Something  of  the  kind  has  been 
proposed  to  a  limited  extent,  I  believe,  for  search  lights,  to  deflect 
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the  light  a  little  to  one  side  in  order  to  get  it  into  the  reflector^  Mr.  Mordey 

It  is  unfortunate  that  Dr.  Hopkinson  is  not  here  to  tell  us  of  the 

result  of  exjieriments  in  introducing  volatile  substances  into  the 

hollow  carbon.      At    one    time  we  were    led    to  expect  some 

improvement  in*  that  direction.      Now,  Mr.   President,  if   my 

memory  is  not  at  fault,  I  feel  that  I  may  appeal  to  you  to  justify 

the  custom  of  the  trade  in  calling  the  10-ampere  50- volt  lamp  a 

2,000-C.P.  lamp.    At  the  last  Crystal  Palace  Exhibition,  I  think  in 

1882,  or  perhaps  it  was  at  the  Paris  Exhibition  the  year  before, 

you  and  others  made   some  photometric  measurements  of  the 

Brush  arc  lamp,  and  brought  it  out  at  2,300  C.P.     I  am  speaking 

from  memory,  but  I  think  those  were  the  figures.     The  old 

practice  in  America,  followed  at  one  time  by  one  of  the  large 

companies — ^the  Weston   Company — and   seen    in    the    original 

lighting  of  Queen  Victoria  Street  here,  of  using  very  short  arcs^ 

has  not  been  followed  of  late  years :  it  was  claimed  that  they  were 

better,  steadier,  and  more  efficient  than  the  long  arc;   but  my 

experience  does  not  confirm  that.     There  was  a  very  interesting 

arc    lamp,  both    mechanically  and    in    a    physical    way,    that 

Mr.  Trotter  has  not  mentioned.     I  refer  to  the  Varley  lamp  at 

the  Inventions  Exhibition,  in  which  a  carbonised  rope  was  used. 

The  carbon  was  a  piece  of  charred  rope,  coiled  upon  a  drum,  I 

believe,  and    fed    out   at  a  very   slow  rate  by  some  kind  of 

mechanism  gearing  with  the  rope ;  the  arc  was  of  an  enormous 

length — something  like  an  inch  or  an  inch  and  a  quarter  with  20 

volts.     I  have  not  heard  of  that  since  the  Exhibition.     I  should 

like  to  know  if  Mr.  Trotter  has  tried  experiments  with  lamps  in 

air-tight  globes.     I  once  made  some  tests,  the  idea  being  to  get 

rid  of  the*  rapid  consumption  oi  carbon ;  and  the  consumption  of 

carbon  in  an  air-tight  globe  is  very  much  less  than  in  the  air,  and 

as  far  as  one  can  see  the  lamp  bums  just  as  well.    It  shows,  of 

course,  what  the  effect  of  combustion  is.     As  soon  as  you  get  the 

oxygen  out  of  the  air  the  carbon  is  not  brnut,  and  the  arc  takes 

place   in   an   atmosphere  of  carbonic  oxide  and  nitrogen.      It, 

however,  blackens  the  globe  a  good  deal,  the  carbon  being  thrown 

down  on  the  globe. 

The  President  :  Possibly  by  the  next  meeting,  which  will  be 
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held  on  ilay  12th,  the  current  may  be  laid  on,  and  Mr.  Trotter 
will  then  be  able  to  show  the  experiment  which  he  had  contem- 
plated showing  us  this  evening.  Probably,  also,  by  that  time 
some  other  speakers  may  be  better  prei>ared  to  contribute  to  the 
discussion.  Under  those  circumstances  I  think  the  best  thing  is 
to  adjourn  it  until  May  12th.  We  shall  perhaps  then  have  time 
also  to  take  one  of  the  other  papers  intended  to  be  read  during 
the  present  session.  Before  adjourning,  I  have  to  announce  that 
the  scrutineers  report  the  following  candidates  to  have  been 
elected : — 

Memhers : 

John  Henry  Holmes.  |  D.  Codrinci;ton  Selman. 

Associates : 

John  T.  Hardy. 
Harry  Currie  Marillier^ 
Mannsell  Mercier. 
Edwyn  T-ionsdale  Poi)e* 
William  Thomas  Pressland. 
William  Henry  Whitehousc. 

Students : 

Percy  Walcott  Dowse.  '  Sydney  Stuart  Galsworthy* 

Montague  Herbert  Galsworthy,   j  Louis  Emil  Jost. 
Guy  Percival  Morrish* 


James  Bussell  Allport. 
Henry  M.  Bayly. 
Max  Bins  wan  ger. 
Bobert  Jamieson  Brown. 
Charles  Eichard  Cormac. 


The  meeting  then  adjourned. 


Digitized  by 


Google 


1892.]  .      DISCUSSION.  393 


The  Two  HoBdred  and  Thirty-eighth  Ordinary  General  Meeting 
of  the  Institution  was  held  at  the  Institution  of  Civil 
Engineers,  25,  Great  George  Street,  Westminster,  on 
Thursday  evening,  May  12th,  1892— Professor  W.  E.  Ayrton, 
F.R.S.,  President,  in  the  Chair. 

The  minutes  of  the  ordinary  General  Meeting  held  on  April 
28th,  1892,  were  read  and  approved. 

The  names  of  new  candidates  for  election  into  the  Institution 
were  announced  and  ordered  to  be  suspended. 

The    following    transfers  were    announced    as   having  been 
approved  by  the  Council : — 

From  the  class  of  Associates  to  that  of  Members — 
E.  Celso  Mozzoni.  |  H.  W,  Sullivan* 

From  the  class  of  Students  to  that  of  Associates — 
F.  C.  Eaphael. 

Messrs.   W.   H.  Blakeney  and  P.   Dawson   were   appointed. 
scrutineers  of  the  ballot. 


The  President:    We  will  now  resume    the  discussion    on 
Mr.  Trotter's  paper,  "  Notes  on  the  Light  of  the  Electric  Arc." 

Fleming. 


Dr.  J.  A.  Fleming  :  There  are  several  points  in  Mr.  Trotter's  f^' 


Talnable  paper  which  interest  me  particularly,  because  they 
cover  ground  which  I  have  also,  to  some  extent,  gone  over  in 
experiments  of  my  own  at  various  times.  Some  of  these,  upon 
which  I  should  like  to  make  a  few  remarks,  were  concerned  with 
the  result  of  introducing  various  hydrocarbons  into  the  arc.  Mr. 
Trotter  mentions  the  Saunderson  method  of  using  a  hydrocarbon 
in  the  are.  I  happen  at  one  time  to  have  made  a  great  many 
experiments  with  Saunderson's  arc  lamp,  and  the  figures,  which  I 
have  here,  with  reference  to  those  experiments  are  interesting. 
I  may  perhaps  explain,  for  the  benefit  of  those  who  do  not  know 
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Sf-  .         the  nature  of  that  are,  that  Saunderson  used  for  the  bottom 

Fleming. 

carbon  a  hoUoW  carbon  with  an  asbestos  wick  up  it,  instead  of 
the  usual  soft  core,  and  at  the  bottom  of  this  tubular  carbon  there 
was  a  metal  vessel  in  which  he  placed  some  paraffin,  vaseline,  or 
easily  fusible  hydrocarbon,  which  was  conducted  by  the  asbestos 
wick  up  the  bottom  carbon,  and  thus  introduced  into  the  arc.  I 
made  a  good  many  experiments  with  such  an  arc  lamp  in  Mr. 
Apps's  workshop  in  March,  1890.  The  experiments  were  made 
with  a  photometer  of  the  usual  type,  having  a  special  Bunsen  disc 
adapted  for  such  purposes,  and  the  standard  of  light  was  a  5-C.P. 
incandescent  lamp,  which  was  carefully  standardised  before  and 
after  the  experiments  against  a  Vemon-Harcourt  standard  lamp. 
The  arc  lamp  used  was  a  hand-regulated  arc  lamp:  we  found 
that  was  the  best  on  the  whole,  as  an  assistant,  with  his  hand  on 
the  slow-motion  screw  and  his  eye  on  the  voltmeter,  could 
regulate  the  arc  better  than  any  automatic  mechanism.  The 
experiments  consisted  in  measuring  the  photometric  intensity  of 
the  arc  in  various  directions,  first  for  a  pair  of  ordinary  carbons, 
and  then  for  exactly  the  same-sized  carbons  in  the  same  arc,  with 
the  bottom  carbon  hollow  and  supplied  with  oil.  The  size 
of  the  carbons  was  in  all  cases  13  mm.  carbon,  and  the 
lower  carbon  was  either  good  cored  13  mm.  carbon,  or  else  an 
improved  tubular  carbon  supplied  with  oil.  The  results  of  these 
observations  on  the  photometric  intensity  at  various  angles  of 
incidence  were  then  plotted  down  in  the  usual  polar  curve. 
The  red  rays  were  selected  by  a  good  ruby-red  glass,  tolerably 
monochromatic,  and  the  green  by  a  good  signal-green  glass. 
Taking  the  red  rays  firsts  it  was  found  with  the  ordinary  carbons 
we  got  the  usual  polar  curve  of  certain  dimensions;  and  on 
substituting  for  the  bottom  carbon  the  hollow  Saunderson  carbon 
with  the  paraffin  in  it,  and  drawing  the  same  polar  curve  for  the 
red  rays,  it  was  found  to  lie  outside  the  other  altogether:  there 
was  not  only  more  light  in  any  direction,  but  more  light  in  all 
directions.  And  the  same  was  true  for  the  green  rajrs.  The 
angle  of  greatest  intensity  of  light  for  the  red  rays  was  somewhere 
about  30^  or  40®  below  the  horizon  in  that  lamp.  Taking  the 
intensity  of  the  red  ray  for  the  ordinary  carbon  in  the  horizontal 
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direction  as  unity,  then  the  maximum  intensity  of  red  rays  for  Dr. 

Fleming;. 

the  ordinary  carbons  in  the  direction  30^  below  the  horizon,  was 
3*44 ;  the  intensity  in  the  case  of  the  improved  carbon  in  the 
horizontal  direction  was  1*21,  and  in  the  direction  of  maximum 
intensity  it  was  4.  The  results  were  then  converted  into  a  figure 
which  Mr,  Trotter  says  has  no  very  definite  meaning — the  mean 
spherical  candle-power ;  and  the  result  of  that  was  to  show  that 
the  mean  spherical  red  light  was  improved  26  per  cent.,  and  the 
mean  spherical  green  light  was  improved  24  or  25  per  cent.,  by 
the  introduction  of  the  hydrocarbon  into  the  arc.  It  was  noticed 
that  the  introduction  of  this  vapour  into  the  arc  greatly  lengthened 
the  arc,  even  for  the  same  volts  and  current.  The  length  of  the 
arc  was  measured  by  projecting  it  with  the  lens  on  a  piece  of 
cardboard,  and  measuring  the  length  of  the  arc  compared  with  a 
piece  of  metal  an  inch  long  projected  at  the  same  time.  It  was 
found  that  the  arc  was  about  twice  as  long  with  the  same  voltage 
and  current  when  using  the  hollow  carbons  with  oil,  compared 
-with  its  length  with  the  ordinary  carbons.  Moreover,  it  was 
noticeable  that  there  was  certainly  much  less  cratering  of  the 
positive  carbon  when  the  prepared  carbon  was  used.  Those 
residts  at  the  time  were  interesting,  but  I  have  not  heard  much 
since  of  the  application  of  this  lamp  in  practice.  The  device 
seems  a  very  simple  and  practical  one,  for  the  oil  vessel  was  very 
easy  to  fiU,  and  the  wick  up  the  hollow  carbon  was  certainly  an 
improvement  over  attempts  made  in  the  same  direction  before : 
the  wick  seemed  to  have  the  effect  of  supplying  the  hydrocarbon 
to  the  arc  very  regularly  and  uniformly.  I  should  like  to  say  a 
word  or  two  on  the  table  in  which  Mr.  Trotter  gives  the  intensity 
of  the  light  emitted  per  unit  of  surface  from  different  sources  of 
radiation,  quoted  from  the  results  of  some  work  by  Weber,  of 
Breslau,  taking  incandescent  platinum  as  the  unit.  The  table 
is  a  very  interesting  one,  showing  the  very  wide  range  over  which 
this  luminous  surface  intensity  extends  for  different  sources  of 
illumination.  There  is  no  mention  in  that  table  of  the  surface 
intensity  of  illumination  of  carbon  at  the  state  of  incandescence 
at  which  it  is  in  an  incandescent  lamp.  I  can  perhaps 
supply  the  figure   which  is  missing.     The  light  emitted  per 
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Dr.  unit  of  surface  from  the  incandescent  carbon  filament  is  about 

the  same  as  that  from  melting  platinum.  The  standard  of 
surface  intensity  which  is  there  taken  is  the  surface  intensity  of 
illimiination  from  platinum  not  very  feu:  below  its  melting  point, 
which  is  taken  as  the  unit,  and  it  gives  light  at  the  rate  of  120 
candles  per  square  inch.  In  the  case  of  the  incandescent  carbon 
in  a  lamp  it  is  very  nearly  the  same  number,  namely,  320.  Other- 
wise we  may  say  that  the  surface  intensity  is  at  the  rate  of  one- 
eighth  of  a  candle  per  inch  mil.  Taking  Mr.  Trotter's  figure  in 
the  table  for  an  arc  lamp,  it  comes  out  at  40  candles  per  inch 
mil.  Therefore,  comparing  the  incandescent  carbon  of  an 
incandescent  lamp  with  that  of  an  arc  lamp,  it  is  in  the  ratio  of 
40  to  ^,  or  320  to  1.  It  would  be  iijteresting  to  know  what 
itttio  exists  between  those  surface  intensities  and  the  true 
temperature  of  the  surfece — ^in  other  words,  what  function  of 
the  temperature  of  the  surface  is  the  surface  intensity.  It  must 
l)e  something  like  the  cube,  or  a  fourth  power,  for  we  know  the 
temperature  of  a  filament  of  an  incandescent  lamp  is  something 
not  very  fiur  removed  firom  that  of  melting  platinmn — say 
2,000°  C. — and  if  the  arc  crater  has  a  temperature  of  8,000®  C. — 
that  is  to  say,  four  times  the  temperature  of  the  filament  of  an 
incandescent  lamp — ^then  the  temperatures  of  these  surfeu^es  are  in 
the  ratio  of  4  to  1  ;  but  the  surface  intensities  are  in  the  ratio  of 
320  to  1,  which  is  more  than  the  fourth  power.  That  point  is 
one  which  certainly  needs  further  investigation.  Some  time 
ago  I  commenced  an  investigation,  which  has  never  yet  been 
completed,  on  a  comparison  between  continuous-  and  alternate- 
current  arc  lamps.  I  had  an  idea  that  there  was  an  intrinsic 
inferiority  in  the  alternate-current  arc  I  began  by  obtaining  a 
good  arc  lamp,  adapted  for  working  either  with  an  alternating 
current  or  with  continuous  currents,  and  determining  the  mean 
spherical  candle-power  of  the  arc  taken  from  tho  polar  carve, 
comparing  that  with  the  watts  expended  in  the  arc,  and  drawing 
a  curve — or,  rather,  a  series  of  curves — ^representing  the  variation 
of  candle-power  with  watts  expended  in  the  arc :  that  was  done  for 
difierent  rays  for  continuous-  and  alternate-current  arcs.  For 
the  red  rays  of  a  continuous-current  arc  the  cun^e  was   very 
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nearly  a  straight  line.  The  curves  are  here,  and  if  anyone  Dr. 
wishes  to  see  them  after  the  meeting,  I  shall  be  happy  to  show 
them.  I  only  stopi)ed  for  want  of  better  means  of  measuring  the 
power  taken  up  in  an  alternating  arc,  for  I  suspected  that  under 
some  conditions  an  alternate-current  arc  behaved  like  an 
inductive  resistance — a  result  since  verified  by  Professor  Ayrton. 
Hence  my  experiments  remained  on  this  subject  incomplete. 

Sir  David  Salomons:   Mr.  Trotter,  in  his  very  interestincc sir d. 

•'  °  Salomon!*. 

paper,  uses,  near  the  commencement,  these  words:  "A  little 
"consideration  will  show  that  the  effect  is  precisely  and 
"  identically  the  same  as  though  the  end  of  the  positive  carbon 
"  were  flat."  This  is  not  strictly  true,  and  in  the  remainder  of 
his  paper  all  the  arguments  adduced  are  those  applicable  to  the 
carbon  rod  end  being  cup-shaped,  and  he,  therefore,  arrives  at 
the  truth.  A  flat  surface  emitting  light  does  not  illuminate 
equally  in  all  directions,  and,  considering  for  a  moment  a  point 
upon  such  a  luminous  surface,  the  greatest  intensity  will  be  in  a 
direction  normal  to  that  surface,  and  less  and  less  as  it  becomes 
the  more  inclined  to  this  normal,  varying  as  unity  to  the  cosine 
of  the  angle  included  between  the  surface  and  the  ray  under 
consideration.  The  refractive  index  of  the  medium  need  not  be 
taken  into  account  in  this  x^articular  case.  It  is  evident,  therefore, 
that,  if  the  positive  carbon  burned  with  a  flat  end,  for 
practical  purposes  this  method  of  illumination  would  become 
impossible,  since  the  direction  in  which  most  light  would  be  given 
would  be  cut  off  from  sight  by  the  lower  carbon.  The  fact  of 
the  i)Ositive  carbon  burning  hollow  renders  the  arc  light  a  useful 
illominant ;  and  it  this  circumstance  I  am  anxious  to  point  out, 
as  it  is  one  that  few  persons  appear  to  have  considered. 

Mr.  R.  W.  Weekes  :  When  at  the  Central  Institution,  Mr.  Gr.  >ir.  weekea 
H.  Thornton,  Mr.  A.  0.  Kolkhorst,  and  I  worked  for  a  considerable 
time  on  original  research  as  to  the  nature  of  the  electric  arc. 

Amongst  the  various  points  we  investigated  was  the  variation 
of  the  polar  curve  with  the  length  of  arc  and  size  of  carbon,  when 
the  current  is  kept  constant  and  the  volts  are  increased  with  the 
length  as  required. 

The  present  method  of  measuring  the  actual  candle-power  at  . 
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Mr.  weekes.  each  angle  by  means  of  an  Ayrton  and  Perry  dispersion  photometer 
was  found  to  be  always  tedious,  and  in  the  case  of  hard  carbon  it 
was  also  inaccurate  unless  a  very  large  number  of  readings  were 
taken.  The  individual  readings  when  both  the  ciurrent  and 
voltage  were  constant  varied  by  25  per  cent.,  and  the  mean  of 
four  readings  gave  anything  but  the  true  mean  candle-power  in 
any  assigned  direction. 

This  led  us  to  design  the  apparatus  shown  in  the  accompany- 
ing figure,  for  obtaining  polar  curves,  which  I  trust  may  be  of 


interest  to  the  members  of  this  Institution.  The  principle  of  the 
method  is  that  of  measuring  the  ratio  between  two  rays  coming 
from  the  arc  at  different  angles,  and  as  this  ratio  does  not  vary  so 
much  as  the  actual  candle-power,  more  concordant  results  can  be 
expected.    These  ratios  give  the  polar  curves,  and  the  actual  value 
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of  the  radii  in  candle-power  can  be  obtained  from  the  mean  of  a  Mr.  weckes. 
large  series  of  readings  of  candle-power  in  one  direction  only. 
The  frame,  and  the  method  of  reflecting  the  rays,  can  be  readily 
understood  by  the  aid  of  the  adjoining  diagram,  which  shows  the 
horizontal  ray  being  compared  with  one  at  about  20°  to  the 
horizontal.  As  three  out  of  the  four  mirrors  need  not  be  moved, 
the  correction  for  absorption  becomes  simple.  The  lamp  connec- 
tions are  made  by  two  knife  edges  resting  on  copper  rails,  and  this 
also  ensures  that  the  lamp  shall  hang  vertically.  As  all  the  sides 
of  the  frame  are  graduated,  the  various  distances  can  be  easily 
read  oflF.  I  regret  that  we  were  unable  to  complete  the  research, 
but  it  is  being  carried  on  by  present  students,  and  the  whole 
results  will  be  published  when  complete. 

Mr.  E.  T.  Carter  :  I  should  like  to  occupy  your  attention  for  Mr.  carter. 

a  few  minutes  to  make  a  remark  or  two  on   some  observations 

I  have  been  making  since  the  paper  was  read.    Let  me  call  your 

attention  in  the  first  place  to  a  sentence  in  the  paper  in  which  is 

a  quotation  from  a  paper  read  in  1889  by  Dr.  Silvanus  Thompson, 

on  '*  The  Arc  Lamp  and  its  Mechanism."      The  sentence  is  this : 

^  It  is  as  impossible  to  raise  carbon  above  the  degree  of  incan-  • 

"  descence  of  the  crater  of  the  arc  as  it  is  to  raise  water  above 

^^  boiling  point  or  ice  above  melting  point.      No  substance  has 

"yet  been  suggested  for  improving  arc  lamp  carbons  which  is 

**  less  volatile  than  carbon."    Dr.  Fleming  has  already  mentioned 

one  method  of  increasing  the  efiSciency  of  an  arc  lamp  by  the 

introduction  of  what  I  my  call  foreign  material.     My  remarks 

will  be  of  purely  theoretical  interest,  I  think,  but  it  has  occurred 

to  me  that  there  is  another  method  of  raising  the  temperature  of 

the  arc.    According  to  the  theory  of  heat,  we  know  that  the 

boiling  point  of  a  liquid  depends  upon  the  pressure  which  the 

liquid  supports — i.^.,  the  pressure  of  the  vapour ;  and  if  the  arc 

%ere  placed  in  an  atmosphere  subjecting  the  vapour  of  the  carbon 

to  a  higher  pressure,  the  carbon  would  necessarily  boil,  as  it  were, 

or  vaporise  at  a  higher  temperature.    Consequently,  we  should 

have  the  surface  of  the  carbon  at  a  higher  temperature,  and  we 

should,  therefore,  have  a  higher  efficiency,  for  the  efficiency  of 

any  light  source  is  a  direct  frmction  of  the  temperature :  raise  the 
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He:  cattcr.  tempeiature  and  you  increase  the  efficiency.  For  instance,  the 
temperature  of  an  incandescent  lamp,  2,000°  C,  gives  an  effi- 
<?iency  of  luminous  rays  of  6  per  cent. ;  and  the  temperature  of 
the  arc,  3,000°  C,  gives  an  efficiency  of  from  15  to  20  per  cent. 
Now,  if  we  assume — and  I  think  we  have  a  perfect  right  to 
assume — ^that  the  saturation  curve  of  carbon  vapour  resembles 
the  saturation  curve  of  steam,  or  C0„  within  a  small  percentage 
of  difference,  then  we  can  calculate  approximately  what  the  rise 
of  temperature  would  be  with  a  certain  increase  of  pressure  of 
the  vapour.  I  have  estimated  that  if  we  subject  the  arc  to  a 
pressure  of  eight  atmospheres,  we  shall  get  a  rise  of  temperature 
of  the  carbon  of,  approximately,  1,200°.  Consequently,  without 
the  introduction  of  any  foreign  material  into  the  arc,  we  can 
get  a  higher  degree  of  illumination  from  the  arc ;  and  the  limit 
is  only  fixed  by  the  possible  limit  to  the  pressure  to  which  we 
<?an  subject  the  arc.  I  do  not  say  that  this  is  of  any  practical 
value  for  ordinary  work :  it  may  be  of  use  in  lighthouse  work, 
or  for  experimental  work;  I  merely  suggest  it  for  theoretical 
reasons.  Thus  the  efficiency  of  the  lamp  can  be  increased,  and 
the  intensity  of  light  from  each  square  inch  of  incandescent 
carbon  also  increased ;  the  lamp  giving  more  light  with  smaller 
•carbons  and  less  power.  There  would  be  less  screening  by  the 
lower  carbon,  and  it  is  probable  that  a  longer  arc  would  be 
produced. 

Speaking  on  another  point,  I  have  made  some  calculations  on 
the  probable  amount  of  energy  consumed  in  overcoming  the 
back  E.M.F.,  which,  although  usefrd  energy,  involves  a  very  high 
E.^I.F.  to  work  the  arc.  Dr.  Thompson  states  that  the  minimum 
volts  required  to  work  an  arc  steadily  is  39,  and  gives  strong 
ground  for  our  believing  that  this  rei)resents  a  back  EJMLF.  due 
to  the  vaporisation  of  carbon.  Assuming  all  the  loss  of  positive 
carbon  to  be  due  to  vaporisation  in  this  way^electro-vaporifsed, 
as  it  were — ^then  we  have  a  latent  heat  of  carbon  vapour  of 
400,000  w.g.d*  C.  Whereas,  if  we  assume  that  only  the  difference 
between  the  positive  and  negative  carbon  is  thus  vaporised  by 
direct  electrical  action,  we  have  a  still  higher  latent  heat  of 
1,030,000  w.g.d.  C.      These  figures,  which  I  have  worked  out  this 


Digitized  by 


Googk 


1892.]  WSCUSSIOX.  -  431 

week,  give  at  best  only  the  approximate  value  of  the  latent  Mr.  carter. 
heat  of  carbon  vapour.  By  all  analogy,  they  seem  too  high ;  and 
it  is  possible  that  they  represent  more  energy  than  is  used  in 
the  mere  evaporation  of  carbon.  Of  course  it  is  difficult  to  say 
how  much  of  the  carbon  is  really  vaporised  by  direct  electrical 
action,  as  some  of  it  may  be  re-deposited  on  the  negative  carbon* 
I  do  not  think  that  much  of  this  condensation  goes  on  under 
ordinary  conditions,  and  I  am  disposed  to  attribute  the  peak  on 
the  negative  rod  to  another  cause  than  the  piling  up  of  carbon 
upon  it.  It  seems  to  me  that  the  absence  of  any  oxidising  agent 
in  the  centre  of  the  arc  would  be  sufficient  to  account  for  the 
negative  carbon  there  burning  away  so  slowly,  while  all  around 
the  edge  of  the  hot  carbon  the  air  would  cause  a  rapid  combustion. 
Thus  the  j}e&k  would  be  formed.  I  am  now  about  to  make  some 
experiments  to  ascertain  what  is  the  exact  amount  of  carbon,  if 
any,  which  is  deposited  on  the  negative  rod;  and  I  hope  at 
some  future  time  to  be  able  to  bring  the  results  before  you. 

Mr.  J.  N.  Shoolbred  :  Not  having  had  the  advantage  of  being  Mr. 
present  when  the  paper  was  read,  I  will  not  attempt  to  discuss 
this  interesting  and  valuable  communication.  I  rise  more  for 
the  purpose  of  asking  the  author  a  question.  He  refers  to  two 
communications  published  in  La  Lumihre  Electrique — one  by 
M.  Bousseau,  and  one  by  M.  Palaz — as  being  interesting,  and  con- 
taining some  information  with  regard  to  polar  curves— I  think 
those  represented  in  Figs.  1  and  3.  May  I  ask  him  if  he 
remembers  the  date  of  those  communications  ?  He  simply  refers 
to  certain  volumes  of  La  LumUre  Eledriqvs.  The  reason  I  ask 
this  is,  that  some  interesting  curves  of  the  "  luminous  intensity  " 
of  arc  lights,  the  result  of  experiments  carried  out  by  Messrs. 
Sautter,  Lemonnier,  &  Cie.,  in  Paris,  were  noticed  first  before  the 
Society  of  Arts  in  1878,  and  subsequently  published  in  a  little 
hook  entitled  "Electric  Lighting  in  its  Practical  Application" 
(Hardwicke  &  Bogue,  1879).  The  description  also  included  some 
experiments  on  the  arc-light  curves  from  alternate-current 
ii^achines,  from  experiments  which  had  been  specially  carried 
out  by  M.  Allard,  of  the  French  Lighthouse  Department ;  the 
results  being  also  added  of  some  experiments  by  ^Mr.  (now  Sir 
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James)  Douglass  at  the  South  Foreland,  in  1876  and  1877,  with  a 
Siemens  continuous-current  dynamo  machine,  on  the  difference 
between  the  "condensed"  and  the  "diffused"  beam.  Photo- 
metric curves  were  given  resulting  from  the  use  of  a  6-arc 
alternate-current  Lontin  machine  (a  rare  machine  in  those  days  of 
single-arc  machines).  Furthermore,  the  results  of  the  illumina- 
tion given  off  from  the  Jablochkoff  candle,  carried  ^ut  by  the 
Municipality  of  Paris,  were  described.  All  of  the  above  experiments 
(excepting  those  of  Sir  James  Douglass)  were  necessarily  carried 
out  in  Paris  (and  most  of  them  for  the  little  book  above  named), 
as  there  were  no  such  fecilities  in  this  country  at  that  time.  A 
table  is  also  added  as  to  the  luminous  efiBciency  of  different 
electric  machines.  The  information  just  referred  to  attracted 
much  interest  at  the  time,  and  the  late  Sir  William  Siemens 
mentioned  that,  as  far  as  he  knew,  it  was  the  first  time  the 
peculiarities  of  these  curves  of  luminous  intensity,  especially  of 
the  continuous-current  machine,  had  been  printed.  Had  that 
early  information  been  referred  to  by  the  author  (though  probably 
he  was  not  aware  of  its  existence),  several  of  the  inquiries  made 
during  the  discussion  would  thereby  have  been  answered.  The 
latter  part  of  the  author's  paper,  referring  to  the  arc  lighting  now 
being  carried  out  in  the  City  of  London  and  elsewhere,  contains 
'  much  which  is  not  merely  of  interest,  but  which  deserves  careful 
and  serious  study. 

Professor  Silvanus  P.  Thompson  [cimimuniccvted] :  Mr.  Trotter's 
paper  is  so  complete  and  satisfactory  that  it  leaves  little  room 
for  discussion,  beyond  congratulating  him  upon  the  very 
admirable  way  in  which  he  has  straightened  out  the  crooked 
problem  of  the  distribution  of  light  from  the  arc  lamp.  It  has 
been  long  known  in  a  general  way  that  the  peculiar  curves  of 
distribution  of  light  were  occasioned  by  the  shadow  of  the  lower 
carbon.  But  Mr.  Trotter's  investigation  has  put  the  matter  upon 
a  new  and  sound  basis  of  observation.  His  intensely  geometrical 
nlode  of  viewing  all  matters  has  led  him  to  discuss  the  arc  lamp 
from  a  novel  standpoint,  and  to  give  us  the  true  solution  of  the 
problem.  It  might  be  worth  while  to  re-examine  by  the  light  of 
these  researches  the  curves  given  some  12  or   14  years  ago 
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in  the  Journal  of  this  Institution  for  the  distribution  of  light  ^SSlr^n 
from  the  Jablochkoff  candle.     Doubtless  these  curves  would  also 
prove  amenable  to  the  same  sort  of  geometrical  treatment. 

The  starting-point  of  Mr,  Trotter's  investigation  is  the 
recognition  of  the  fact  that  the  intrinsic  brightness,  per  square 
millimetre,  of  the  carbon  surface  of  the  crater  is  a  fixed  quantity, 
being  due  to  the  incandescence  of  a  determinate  substance — 
carbon — at  a  temperature  which  is  also  determinate,  being  fixed  by 
the  physical  conditions  of  its  production.  It  also  necessarily 
follows  that,  so  far  as  the  actual  crater  is  concerned,  the  light 
emitted  is  always  of  precisely  the  same  composition  ;  that  is  to 
say,  the  various  kinds  of  waves  emitted — red,  green,  blue,  &c. — are 
always  present  in  the  same  proportion.  In  the  recognition  of 
this  £Eu;t  the  name  of  Captain  Abney  should  not  be  forgotten, 
since  he  has  made  it  the  basis  of  much  of  his  photometrical 
work  during  recent  years.  I  would  now  throw  out  the  suggestion 
whether,  in  view  of  the  unchanging  quality  of  the  light  of  the 
crater  of  the  electric  arc,  it  is  not  worth  while  to  reconsider  the 
question  of  a  standard  of  light,  and  adopt  da  a  unit  of  light  the 
light  emitted  by  a  .square  millimetre  of  crater.  It  is  certainly  a 
more  practical  unit  than  the  square  millimetre  of  molten 
platinum  used  by  Violle ;  and  it  is  preferable,  by  reason  of  its 
greater  whiteness,  to  the  flame  standards  (such  as  the  pentane 
flame,  the  amyl-acetate  flame,  and  the  Carcel  lami))  that  have 
been  adopted  from  time  to  time.  I  omit  the  sperm  candle  and 
the  M ethven  gas  standard  as  being  too  unscientific  to  be  put  into 
comparison. 

It  is  to  be  hoiked  that  Mr.  Trotter  will  be  encouraged  to 
complete  his  experiments  on  coloured  shades,  so  as  to  give  us  a 
real  daylight  illumination.  It  is  obvious  that  such  shades  can  be 
used  in  conjunction  with  electric  lamps  (whether  arc  or 
incandescent)  with  far  greater  facility  than  with  any  flame  lamp?. 
Certainly,  artists  and  all  lovers  of  art  will  welcome  such  a  means 
of  lighting  rooms.  The  introduction  of  such  combinations  will 
extend  the  use  of  electric  illumination. 

The  Pbesident  :  Before  calling  on  Mr.  Trotter  to  reply,  I  will  Tho 

.  ^  President. 

make  one  or  two  observations,  partly  in  reference    to    some 
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The  remarks  made  on  the  last  occasion.     Mr.  Mordey  considered  that 

he  was  justified  in  calling  the  light  given  off  by  a  10-ampere 
Brush  lamp  2,000  and  something  candles,  because  the  jury  at  the 
Crystal  Palace  in  1882  had  reported  that  such  was  the  efficiency 
of  the  Brush  lamp.  He  coupled  my  name  with  that  jury,  and 
wished,  therefore,  to  imply  that  the  results  were  immaculate* 
However,  I  was  not  on  that  particular  jury,  and  therefore  am  not 
responsible  for  the  accuracy  or  inaccuracy  of  their  results. 

Mr.  Carter  has  assumed  in  his  remarks  this  evening  that  the 
back  E.M.F.  of  the  arc  is  a  perfectly  definite  and  known  number. 
I  wish  just  to  point  out  in  passing  that  I  am  not  aware  of  any  test& 
whatever  that  have  proved  that  there  is  a  back  E.M.F.,  stilf 
less  that  it  has  the  value  of  39  volts.  It  is  undoubtedly^ 
frequently  stated  that  there  is  a  back  E.M.F.  in  an  arc,  but  I  am 
not  aware  of  any  tests  that  substantiate  this  fact. 

Mr.  Carter  :  I  merely  took  the  figure  given  by  Dr.  Thompson. 

The  President  :  He  has  not,  as  &r  as  I  am  aware,  made  any 
test  himself  on  this  subject,  and  I  fancy  he  is  merely  quoting' 
the  popular  opinion  on  the  subject. 

Dr.  Fleming's  remarks  with  reference  to  the  Saunderson 
lamp  open  out  a  wide  subject,  about  which  I  should  like 
to  say  a  good  deal ;  but  in  view  of  the  other  paper  which  we 
are  looking  forward  to  hearing  from  Dr.  Gladstone  in  a  few 
minutes,  I  refrain  from  doing  so.  May  not,  however,  a  possible 
explanation  of  the  greater  light,  red  and  green,  given  off  by  the 
arc  when  the  paraffin  oil  was  introduced,  be  simply  looked  for  in 
the  greater  length  that  could  be  thus  given  to  the  arc  ?  for  this 
would  diminish  the  shading  of  the  top  carbon  by  the  lower. 

As  regards  the  curves  at  the  end  of  the  paper,  they  are  of  very 
great  interest  indeed.  The  question  of  producing  artificially,  by 
means  of  arc  or  incandescent  lamps — especially  with  arc  lamps — 
lights  of  particular  colours,  is  a  subject  which  has  interested  me  for 
some  years  past.  On  two  occasions  at  the  Royal  Academy  I  have 
urged  on  Dr.  Kussell,  whose  name  is  mentioned  in  this  paper,  and 
he  has  kindly  undertaken  (but  I  do  not  know  whether  he  has  yet 
had  time  to  do  so),  to  bring  my  views  before  Sir  Frederick 
licighton  as  to  methods  of  grouping  the  pictures  in  the  Boyal 
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Academy  and  illuminating  them  with  light  of  a  particular  colour  The 
for  each  particular  group  of  pictures,  so  as  to  produce  not  merely 
as  good  effects  as  are  obtained  in   the  daytime,  but,  I  think 
possibly,  fiBur  better  effects  than  the  uncoloured  sun  gives. 

The  question  as  to  whether  arc  light  is  or  is  not  blue  with 
reference  to  white  light,  is  a  subject  which  has  been  discussed 
backwards  and  forwards,  and  the  advocates  on  each  side  consider 
that  they  are  both  right.  The  explanation  of  that  is  that 
they  are  both  right.  The  arc  light  is  and  is  not  blue 
relatively  to  white  light.  All  depends  upon  what  you  mean  by 
white  light.  People  talk  about  white  light  as  though  it  were 
some  definite  thing.  If  by  white  light  you  mean  sunlight  during 
the  day — the  unclouded  sun — or  if  you  mean  the  light  given  off 
from  the  white  clouds  in  the  daytime,  then  undoubtedly  the 
arc  light  is  red,  and  not'blue,  compared  with  that  standard.  This 
you  can  easily  prove  by  using  what  Mr.  Trotter  appears  to  rather 
despise — ^red  and  green,  glasses.  It  is  perfectly  true,  as  he  says, 
that  you  cannot  combine  the  results  obtained  with  red  and  green 
glasses :  you  cannot  use  the  arithmetic  mean,  or  the  geometric  mean^ 
or  the  square  root  of  the  mean  square ;  Imt  I  do  not  think  that 
constitutes  any  objection  to  making  experiments  with  red  and  green 
glasses.  In  the  same  way  you  may  speak  about  the  experience 
of  a  person  and  the  ability  of  a  person,  but  you  cannot  take 
the  arithmetic  mean,  or  the  geometric,  mean,  or  the  square  root 
of  the  mean  square  of  the  experience  and  ability  of  that  person  ; 
yet,  when  judging  of  the  value  of  a  person,  you  think  of  his 
experience  as  compared  with  his  ability.  In  the  same  way,  when 
you  want  to  speak  of  the  arc  lamp  as  of  so  many  candles,  it  all 
depends  upon  what  you  want  to  use  the  lamp  for — ^whether  to 
illuminate  green  leaves  or  red  roses.  The  value  of  the  arc 
light  is  very  different  in  those  two  cases.  It  may  be  two  or 
three  times  as  valuable  for  the  one  puqiose  as  for  the  other* 
Therefore,  surely,  it  is  perfectly  right  to  separate  the  two  mea- 
surements. If  you  use  the  despised  glasses,  you  can  at  once 
prove  that  the  cure  light  is  red  compared  with  the  sunlight. 
All  you  have  to  do  is  to  get  a  balance  with  the  photometer 
looking  through   green  glasr,  and  then  lo^k  through   the  re. I 
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The  glass,  when  you  will  find  that  balance  is  no  longer  produced, 

PrcsidGnt. 

and  that  the  arc  light,  as  seen  through  red  glass,  is  the  brighter 
of  the  two.     But  arc  lights  are,  as  a  rule,  used,  not  in  the  day- 
time, but  at  night,  and  during  the  night  white   light  is  not 
sunlight.     That,  of  course,  brings  us  to  the  consideration  of  what 
is  the  definition  of  "  white  light."     I  believe  the  proper  definition 
is,  ivhite  light  is  what  you  see  Tnost  of.    Simply  that.    Now,  up  to 
the  present  time,  we  have  not  seen  most  of  arc  lights  during  the 
evening.     Therefore  there  is  a  particular  standard  during  the 
evening,  and  in  accordance  with  that  standard,  which  we  have 
adopted  by  experience,  the  arc  light  is  undoubtedly  blue  during  the 
night.     Also,  as  Greneral  Festing  said,  the  sunlight  of  the  early 
morning  gives  a  very  bad  and  imperfect  impression  of  white  light 
if  you  have  been  up  during  the  night.     If  you  take  the  daylight 
standard,   then   the   early  morning  light   appears  quite  right; 
but  if  you  take  the  night  standard,    then   the    early   morning 
light    appears     wrong.       Of    course     you     may    say    that     is 
introducing    physiology    and     psychology,     but     you     cannot 
help   introducing  them  if  you  desire  to  understand  this  point. 
Helmholtz    some   years   ago   made   a   very  simple  experiment. 
It   was   this:   In  order   to   see   what   was   your  estimation    of 
distortion,   he  put  a  pair  of  distorting  spectacles   on  a  willing 
subject,  and   found   that    in   a    comparatively   short   time  the 
person  wearing  them  ceased  to  have  any  feeling  of  distortion : 
when    looking  through  those   glasses   he   saw   everything  per- 
fectly correctly,  and  he  only  saw  things  distorted  when  he  took 
off  the  glasses.    That  is  to  say,  the  eyes  quickly  adapt  themselves 
to  a  particular  standard  at  a  particular  time.     Well,  now,  during 
the  night  your  standard  is  the  gas  and  candle  standard,  and  it 
is  perfectly  right  to  say  the  arc  light  is   blue  compared  with 
white  light  at  night.     But,  on  the  other  hand,  the  standard  of 
white  light  during  the  daytime  is  sunlight,  or  the  light  from 
the  clouds,  and  compared  with  that  light  it  is  equally  right  to 
say  that  the  arc  is  red. 
stothert.  ^*^'  *^'  ^'  Stothert  [coDimwiiicoted']  I  It  may  interest  >Ir. 

Trotter  and  the  members  of  this  Institution  if  I  mention  some 
experiments  performed  at  the  Electrical  Standardising  and  Test- 
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ing  Institation,  for  some  clients ;  not  with  the  object  of  making  Mr. 
measnrements  and  analyses  of  light  of  an  ultra-scientific  nature 
(as  that  has  already  been  done  by  Captain  Abney  and  others),  but 
of  finding  by  practical  methods,  which  artificial  light  is  most 
similar  to  diffused  light  from  clouds. 

I  am  not  at  liberty  to  do  more  than  indicate  the  nature  of  our 
experiments.    The  artificial  lights  used  were — 

1.  Incandescent  lamps. 

2»  .,  ,,        with  various  coloured  glasses. 

3.  „  ,,        over-incandesced. 

4.  Arc  lamp. 

5.  Sun  lamp  (kindly  lent  by  inventor  for  the  purpose). 

It  was  found  that  light  from  the  Sun  lamp,  with  suitable 
reflectors  and' diffusing  screens,  was  as  nearly  as  possible  the  same 
as  diffused  daylight  in  a  room.  There  was  very  little  difference 
between  the  spectrum  of  the  light  from  this  lamp  and  that  of 
difiused  daylight. 

We  put  the  lamp  to  another  practical  and,  I  venture  to  think, 
severe  test.  We  asked  some  competent  artists,  exponents  of  both 
oil  and  water  colours,  to  paint  an  object  by  the  light  of  the  Sun 
lamp,  afterwards  comparing  the  pictures  and  the  object  by 
daylight.  The  results  were  most  satisfectory.  The  pictures  had 
all  the  appearance  of  hanng  been  painted  by  daylight. 

I  ought  to  mention  that  I  am  not  financially  interested  in  the 
Sun  lamp,  and  that  the  experiments  were  not  carried  out  for  the 
inventor. 

Mr.  A.  P.  TRorrER :  I  have  to  apologise  to  the  meeting  for  Mr.  Trotter 
not  being  able  to  show  the  experiments  which  have  been  a  second 
time  promised.  The  terminals  are  in  that  glass  box,  and  have 
been  there  for  ten  days,  but  the  insurance  inspector  has  not  been 
there.  I  hoped  to  have  shown  one  or  two  other  experiments  with 
reference  to  what  Mr.  Swinburne  said,  and  what  Professor  Silvanus 
Thompson  has  also  suggested,  about  using  a  square  millimetre  of 
the  crater  as  the  unit  of  candle-power.  Mr.  Higgins  drew  my 
attention  to  the  fact  that  the  core  of  cored  carbon  is  distinctly 
duller  than  the  rest  of  the  carbon — ^it  is  not  such  a  good  carbon, 
but  it  has  a  valuable  function  in  centring  the  arc.    I  suggested 
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Ml.  Trotter,  to  Mr.  Higgins  to  take  a  double  carbon,  as  good  as  could  be  got, 
and  also  a  piece  of  battery  carbon  ;  to  tie  them  together  side  by 
side ;  and  to  see  if  one  half  of  the  crater  was  brighter  than  the 
other.  He  has  tried  the  experiment,  but  found  that  the  soft 
carbon  flared  and  flamed  so  much  that  it  was  difficult  to  make  a 
test.  This  suggests  that  differences  may  be  due  not  only  to 
emissivity,  but  also  to  the  volatility  of  the  carbon.  The 
temperature  must  go  down  if  the  carbon  is  more  volatile,  and 
therefore  I  think  it  could  hardly  be  depended  upon  for  a  unit  of 
light. 

The  question  has  been  raised  about  the  comparative  merits  of 
continuous-  and  of  alternate-current  arcs.  I  have  had  very  little 
experience  indeed  with  alternate-current  arcs.  I  am  glad  to  hear 
Mr.  Mordey  has  a  high  opinion  of  them,  for  that  must  mean  that 
there  is  a  great  deal  in  them.  Mr.  Mordey  suggested  that  I  had 
described  the  crater  as  being  a  horizontal  disc,  where  it  is  really 
concave;  and  Sir  David  Salomons  has  given  his  views  on  the 
subject :  I  venture  to  disagree  altogether  with  them.  I  would 
like  to  have  shown  an  experiment  to  demonstrate  this  point.  I 
prepared  a  cylinder  of  cardboard  about  6  inches  in  diameter,  one 
end  flat  and  the  other  end  a  concave  hemisphere,  and  these  were 
painted  with  luminous  paint  and  exposed  to  bright  light.  If  I 
had  it  here,  and  showed  you  first  the  flat  end  and  then  the 
concave  hemisphere  in  a  darkened  room,  both  ends  being  self- 
luminous,  I  venture  to  say  no  one  within  6  feet  could  have  told 
which  was  which. 

Sir  David  Salomons  :  I  did  not  say  that.  At  the  angle  you 
made  with  the  normal  you  could  not  tell  the  difference,  looking 
at  it  straight. 

Mr.  Trotter  :  I  say  in  the  paper  that  no  tilting  of  a  luminous 
sur£Eice  can  make  it  brighter  or  less  bright.  Where  light  falls 
on  a  white  reflecting  substance  it  is  not  quite  the  same  thing ;  the 
law  of  cosines  is  not  strictly  followed.  But  I  am  sure  that  I  am 
correct  in  saying  that  with  a  self-luminous  surfeu^e  it  is  a  mere 
question  of  how  much  you  can  see  of  it  at  any  angle.  Mr.  Mordey 
thought  that  I  should  not  have  said  that  the  alternating  arc 

.  had  time  to  get  cool,  and  suggested  that  there  was^  as  it  were. 
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a  thermal  fly-wheel,  owing  to  the  mass  of  carbon  behind  the  Mr.  Trotter* 
crater,  which  would  have  enough  heat  to  keep  the  arc  going. 
I  should  like  to  have  shown  on  the  screen  the  effect  in  the 
arc  of  reducing  the  current  by  a  very  small  quantity.  If  you 
have  the  crater  well  focused  on  the  screen,  and  reduce  the 
current,  you  will  see  the  surface  of  the  crater  instantly  curdle 
all  over  in  a  sort  of  flocks,  and  in  an  instant  aftei  the  crater 
will  diminish  and  shrink  in  size :  the  current  cannot  support  . 
so  large  a  crater.  I  think  that,  since  volatilisation  takes  place 
actually  at  the  sur&ce,  the  luminous  heat  is  actually  on  and  at 
the  surface  alone.  Truly  white-hot  carbon  is  actually  at  the 
surface  alone.  An  incandescent  lamp  carbon  is  different.  The 
heat  is  all  the  way  through  the  filament,  and,  indeed,  the 
temperature  must  be  greater  inside.  Be  t}iat  as  it  may  be,  if 
the  crater  is  being  heated  to  the  highest  point  only  for  half  a 
period  or  less,  it  is  difficult  to  see  how  the  luminosity  could  be  the 
same  as  if  it  had  the  full  current  on  one  crater  upon  which  we 
depend  for  the  light.  I  should  like  to  have  heard  that  Professor 
Ayrton  could  have  supported  the  2,000-C.P.  fable.  I  do  not 
know  anybody  else  who  has  obtained  that  measurement,  and  I 
should  imagine  it  could  only  be  done  by  measuring  with  a 
photometer  on  each  side,  and  adding  the  results  together. 

Dr.  Fleming  has  mentioned  the  Saunderson  carbon,  and  he  says 
the  maximum  was  given  out  at  30  degrees  to  40  degrees,  I  think 
he  said,  below  the  horizon.  The  maximum  is  therefore  rather 
higher  in  the  ordinary  short  arc.  But  the  Saunderson  arc  ought 
to  give  a  longer  arc.  Well,  Dr.  Fleming  says  that  it  does  give 
a  longer  arc.  But  the  chief  ix)int  of  my  paper  is  to  show,  if 
the  lower  carbon  were  drawn  away,  the  lower  part  of  the  curve 
would  be  fuller.  Therefore  I  should  have  thought  that  the  longer 
the  arc,  you  would  have  got  the  maximum  shifted  to  a  greater 
angle  with  the  horizon.  I  am  surprised  in  these  good  results 
that  nothing  more  has  been  heard  of  this.  I  think  about  10 
months  ago  some  American  patented  the  leading  of  a  wick  up 
a  groove  outside,  instead  of  in  the  middle — a  more  palpable 
infringement  it  is  impossible  to  conceive — ^but  we  have  heard 
nothing  more  of  it. 
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Mr.  Trofcter.  My  table  does  not  contain  a  glow  lamp.  I  mentioned  the 
subject  to  Dr.  Fleming,  and  there  is  no  greater  authority  upon 
glow  lamps ;  but  one  does  not  like  to  press  him  for  details  about 
Edison-Swan  lamps.  We  shall  know  sooner  or  later,  very  likely. 
I  have  mentioned  in  the  paper  the  method  of  Sousseau,  in  which 
rectangular  co-ordinates  are  used,  but  I  found  that  I  could 
calculate  spherical  candle-power  in  the  way  I  described,  taking 
the  area  as  bits  of  parabolas  or  bits  of  ellipses.  These  can  be 
measured  out  in  about  one-fifth  of  the  time  it  would  take  to  plot 
it  out  and  mea.sure  it  with  the  planimeter.  Dr.  Fleming  also  said 
you  must  either  tilt  the  arc  or  raise  it  to  a  great  height  in  order 
to  measure  the  angular  rays.  The  method  I  have  adopted  in  the 
instrument  which  Mr.  Higgins  constructed  at  Finsbury,  gets  over 
that  difficulty :  you  merely  swing  round  the  arm,  and  allow  for  the 
reflective  power  of  a  single  mirror,  which  is  always  at  the  same 
angle.  The  apparatus  described  by  Mr.  Weekes  employed  four 
mirrors,  one  of  which  had  to  be  adjusted  at  different  angles. 
The  horizontal  ray  of  an  arc  is  a  bad  standard.  The  smallest 
irregularity  of  the  edge  of  the  crater  causes  great  variation  in  the 
light. 

The  question  of  raising  the  temperature  of  the  arc  has 
been  mentioned  by  Mr.  Carter.  I  am  rather  surprised  to  hear 
that  even  eight  atmospheres  would  be  enough  to  give  any  useful 
effect,  but  it  does  not  appear  to  be  at  all  practicable.  That  reminds 
me  about  Mr.  Swinburne's  remarks  as  to  the  ciurious  discrepancy 
about  the  light  given  by  the  sun  per  square  inch,  and  that  given  by 
carbon.  He  suggested  that  a  piece  of  the  sun  cut  out  and  allowed 
to  cool  would  be  10  to  20  times  blacker  than  carbon.  It  is  difficult 
to  imagine  anything  blacker  than  carbon,  but  there  is  something. 
A  hole  cut  out  in  the  side  of  a  box  lined  with  black  velvet  is 
much  blacker,  and  is  sometimes  used  in  colour  measurement.  But 
that  will  not  account  for  the  discrepancy.  In  the  carbons  I 
have  been  using,  the  core  is  distinctly  more  gray  than  the 
rest.  The  carbon  is  as  black  as  jet.  But  there  is  this  to  be  said — 
that  the  pressure  on  the  sun  may  be  many  tons  x^r  square  inch^ 
and  it  is  very  possible  that  that  might  raise  the  temperature 
sufficiently  to  account  for  the  discrepancy.    I  have  checked  that 
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figure  by  some  different  experiments,  and  these  bear  out  the  Mr.  Trotter. 
figure  of  Weber.  Mr.  Shoolbred  asked  for  dates.  AUard  and 
Sauttier-Lemonnier  were  no  doubt  long  before  those  of  Wybauw. 
These  measurements  were  made  in  connection  with  the  Antwerp 
Exhibition  of  I880 ;  they  were  taken  as  the  mean  of  a  large 
number  of  cases.  Xo  doubt  those  Mr.  Shoolbred  refers  to  were 
the  first  polar  curves  made. 

I  fully  expected  to  have  heard  some  remarks  to-night  from 
a  gentleman,  whose  name  I  have  not  even  heard,  on  some 
experiments  made  at  the  Standardising  Institution  with  coloured 
shades.  I  alluded  when  reading  the  paper  to  the  &ct  that 
someone  else  was  working  at  the  same  thing.  There  was  a 
short  letter  in  Lighiningy  and  it  alluded  to  the  fiict  that 
some  coloured  shades  had  been  used  in  experiments.  I  understand 
that  some  experiments  were  madd  there  with  a  gray  screen — ^not 
so  very  blue,  but  gray— and  with  Sun  lamp,  which  is  the  Lcunpe 
Soleil  resuscitated,  and  that  some  very  good  results  were  obtained.* 

Professor  Ayrton's  remarks  about  back  volts  are,  I  think, 
interesting.  I  hunted  well  through  all  the  records  I  could  get 
to  find  anything  about  back  volts.  I  believe  Professor  Ayrton  has 
some  experiments  which  are  not  quite  completed  yet.  Then 
Professor  Ayrton  has  given  a  very  good  reason  for  showing  why 
you  may  talk  about  red  and  green,  and  his  analogue  of  ability 
and  experience  is  most  excellent.  He  says  white  light  is  what 
you  get  most  of;  but  that  is,  unfortunately,  not  the  case  with 
ability  and  experience. 

The  President:  Before  proceeding  to  the  next  business,  I  will 
move  a  hearty  vote  of  thanks  to  Mr.  Trotter  for  his  interesting 
pai)er,  which  has  given  rise  to  an  extremely  interesting  discussion. 

The  motion  was  carried  unanimously. 
The  following  i>aper  was  then  read  : — 


*  See  Mr.  J.  K.  Stothert's  commnn)cation,  p.  406. — Ed. 
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ON  THE  CAUSE  OF  THE  CHANGES  OF  ELECTRO-MOTIVE 
FORCE  IN  SECONDARY  BATTERIES. 

By  J.  H.  Gladstone,  Ph.D.,  F.R.S.,  Member,  and 
Walter  Hibbert,  F.T.C,  Associate. 

In  1882,  Dr.  Gladstone  and  the  late  Mr.  Tribe  sent  to  XcUure 
four  letters  on  the  "Chemistry  of  Secondary  Batteries."  The 
main  point  established  in  these  papers  was  the  all-iini)ortant 
functions  of  sulphate  of  lead.  They  showed,  in  &ct,  that  when  a 
lead  lead -peroxide  cell  is  discharged,  ^^  sulphate  of  lead  is  the 
**  ultimate  product  on  both  plates ;  "  and  when  it  is  charged  again, 
"  this  lead  sulphate  is  oxidated  on  the  one  plate,  and  reduced  on 
"  the  other." 

In  1883,  another  letter  appeared,  in  which,  among  other 
things,  the  effect  of  different  strengths  of  acid  when  the  cell  i* 
being  charged  was  investigated,  and  the  existence  of  occluded 
hydrogen,  ozone,  and  hydrogen  dioxide  was  considered. 

These  letters  were  subsequently  published  in  book  form.* 
In  a  paper  of  the  same  authors  in  the  Journal  of  the  Chemical 
Society  for  1883,  p.  345,  reference  was  made  to  the  production  of 
persulphuric  acid  in  the  electrolysis  of  oil  of  vitriol. 

In  1883,  Professor  Franklandf  obtained  substantially  the  same 
results,  and  proposed  to  ascertain  the  state  of  a  cell  during 
charge  or  discharge  by  observing  the  density  of  the  acid. 

In  1889,  Messrs.  Duncan  and  WiegandJ  investigated  the  rate 
of  diffusion  of  the  acid  out  of  the  pores  of  the  spongy  masses  in 
the  plates  of  a  secondary  battery. 

In  1889,  Heim§  investigated  the  change  in  capacity  of  secondaiy 
batteries  when  used  with  different  strengths  of  acid,  and  gave  the 
E.M.F.'s  obsen-ed  when  the  strength  varied  from  10  to  Zo  i>er 
cent.  H,  SO4. 


«  '<  The  ChemiBtry  of  Secondary  Batteries."     Macmillan,  1883. 
t  Proe.  Roy,  Soc.,  vol.  xxxv.,  p.  G7. 
t  Electrical  World,  June  15,  1880. 
§  £1.  Zeit.y  1889,  p.  88. 
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In  1890,  we  published  experiments*  which  led  us  to  regard 
the  '^abnormal  initial  E.M.F.  of  a  secondary  battery  as  due  to 
**  inequality  of  acid  strength,  and  its  gradual  disappearance  as  due 
**  to  equalisation  of  strength  produced  by  diffusion." 

Shortly  after  this,  an  elaborate  and  valuable  series  of  obser- 
vations on  accumulators  was  published  by  Messrs.  Ayrton,  Lamb, 
Smith,  and  Woods^f  who  have  given  curves  showing  the  changes 
in  potential  difference  under  many  conditions  of  working.  They 
allude  to  our  suggestion,  and  conclude  on  various  grounds  that  it 
is  insufficient  to  explain  some  ^f  the  phenomena. 

In  the  discussion  which  followed  this  paper,  Mr.  Hibbert  urged 
that  corves  given  by  the  authors  afforded  confirmation  of  our 
hypothesis. 

Subsequently,  two  ^lapers  were  sent  to  the  Royal  Society  by 
Mr.  Gr.  H.  Bobertson  and  Professor  Armstrong,t  of  which  only 
the  abstracts  have  been  printed.  From  these,  as  well  as  from  a 
lecture  by  Air.  Bobertson  at  the  Society  of  Arts,§  we  gather  that 
they  attribute  much  to  the  formation  of  persulphuric  acid  and 
hydrogen  dioxide. 

We  have  lately  been  making  additional  experiments  on  the 

matter,  irhich  have  led  us  to  the  conclusion  that  varmtions  in 

£&e  strength  of  the  sidphuric  acid  are  the  main  eavse  of  the 

variatione  in  electro-emotive  foroe. 

We  propose  to  consider— 

Ist.  What  variations  of  strength  of  acid  actually  occur  during 

charge,  repose,  and  discharge. 
2nd.  Experimental  determination  of  the  change  of  E.M.F. 

produced  by  changing  the  strength  of  acid. 
3rd.  How  far  this  is  capable  of  explaining  all  that  is  known 

about  the  changes  of  E.M.F. 
4th.  Confirmations,  experimental  and  theoretical. 
5th.  Other  suggested  causes. 


•  «  Notes  on  Secondly  Batteries, **  Phil  Maq,,  1890,  p.  168. 
t  Jour.  Twtt.  Elec,  Engineers,  1890,  pp.  639  and  060. 
X  Proc.  Uoy.  Soc.y  1691,  pp.  105  and  108. 
I  S9C,  Arts  Journal,  I>ee.  4,  1891. 
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Part  I.— What  Yabutions  of  Strength  of   Acid   actuali:.y 
Occur  during  Charge,  Bepose,  and  Discharge. 

(a.)  Changes  dwrmg  Charge. — ^If  we  start  with  a  properly 
formed  cell  which  has  been  discharged,  we  have  to  deal  with  two 
leaden  supports,  on  one  of  which  there  is  a  mixture  of  lead 
sulphate,  Pb  SO4,  with  more  or  less  lead  peroxide,  Pb  0,,  and  on 
the  other  a  mixture  of  lead  sulphate,  Pb  SO4,  with  more  or  ]e» 
spongy  metallic  lead.  Each  of  these  mixtures  is  a  porous  layer 
the  interstices  of  which  may  penetrate  to  the  leaden  support. 

If  these  be  charged,  the  chemical  action  consists  of  the 
conversion  of  the  lead  sulphate  on  the  one  plate  into  Pb  O^  and 
on  the  other  into  spongy  lead,  and  the  electrolytic  change  may 
be  expressed  thus : 
PbS04+H,O....H,0+PbS04=PbO,+H,S04....H,S04+Pb. 

It  is  evident  that  during  this  process  sulphuric  acid  is  formed 
in  the  pores  of  both  plates,  whilst  at  the  same  time  an  equivalent 
amount  of  water  disappears. 

Apart  from  this  electro-chemical  result,  which  is  equal  on  both 
sides,  it  is  well  known  that  during  an  electrolytic  decomposition 
there  is  a  gradual  heaping  up  of  the  acid  at  what  is  now  called 
the  positive  electrode,  and  a  drawing  of  it  away  from  the  other. 
This  increase  of  strength  of  acid  at  the  peroxide  plate  may  be 
seen  by  the  descent  of  a  denser  layer  of  acid  through  the  clear 
space  under  the  plate.  Indeed,  it  is  well  known  that  there  is  a 
circulation  in  the  cell,  the  acid  becoming  stronger  at  the  bottom 
and  weaker  at  the  top. 

But  to  remove  any  doubt  as  to  the  strength  of  acid  in  the 
pores  of  the  peroxide  being  greater  than  in  those  of  the  other 
plate,  we  made  a  direct  experiment. 

A  cell  was  made  of  two  small  fully  formed  plates,  each  in  a 
porous  pot  containing  about  30  cubic  centimetres  of  acid.  These 
porous  pots  were  placed  in  a  large  dish  of  the  same  acid  and  a 
current  of  0*2  ampere  sent  through  for  two  hours.  After  that 
time,  the  whole  of  the  add  in  the  pot  containing  the  Pb  0^  plate 
had  increased  3  per  cent.,  whibt  the  whole  of  that  round  the  Pb 
X)late  had  diminished  1  per  cent. 

Of  course,  during  the  whole  process  of  charging,  diffuaion  is 
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tending  to  equalise  the  strength  of  the  acid,  but  it  is  much 
impeded  by  the  capillary  nature  of  the  passages  through  which  it 
must  take  place.  It  is  quite  conceivable  that  towards  the  end  of 
charging,  a  fihn  of  the  strongest  acid — tliat  is,  Hg  SO4  itself— covers 
the  working  surface  of  the  Pb  0,  plate. 

,  All  these  actions  account  for  the  well-known  fact  that  during 
the  charge  the  whole  body  of  the  liquid  in  a  working  cell  rises  in 
density  by  somewhere  about  0*04. 

(6.)  Cftanges  ati  Repose. — ^At  the  end  of  charging,  the  Pb  O2 
plate  consists  of  porous  peroxide  attached  to  the  lead  support, 
surrounded  by  strong  sulphuric  acid.  This  sulphuric  acid  will 
diffuse  out  into  the  intermediate  liquid  at  a  rate  which  Messrs. 
Duncan  and  Wiegand's  results  show  to  be  rapid  at  first.  Complete 
equalisation  is,  however,  a  very  slow  process,  to  be  reckoned  by 
hours  rather  than  by  minutes. 

But  there  are  other  actions  reducing  the  sulphuric  acid  in  the 
pores  at  the-  same  time.  The  Pb  Og  and  its  supporting  lead  are 
in  a  condition  to  set  up  energetic  local  action  with  the  formation 
of  sulphate  of  lead,  and  consequent  absorption  of  sulphuric  acid 
from  the  liquid.  The  chemical  change  is  as  follows : — 
PbO.  +  H,S04....H,S04+Pb=PbSO,+H,O....H30+PbS04. 

(It  must  be  remembered  that  the  Pb  in  this  equation  is  the 
lead  support  for  the  peroxide.  Common  experience  shows  that 
it  is  corroded  during  use.) 

This  action  clearly  will  absorb  sulphuric  acid  from  the  liquid 
in  the  pores  and  replace  it  by  water. 

In  a  well-charged  plate,  there  is  always  at  first  an  evolution 
of  a  little  oxygen  gas,  which  has  been  attributed*  to  the  reaction 
of  hydrogen  dioxide  on  peroxide  of  lead. 

Pb  0,  +  H,  O3  =  Pb  0  +  H,  0  +  0^ 

If  this  be  the  case,  the  oxide  of  lead  (Pb  0)  formed  must 
also  abstract  its  equivalent  of  sulphuric  acid  from  the  liquid. 

Of  the  three  causes  of  weakening — diffusion,  local  action, 
and  reduction  by  Hj  0* — the  first  goes  on  till  the  acid  in  the 
pores  is  brought  down  to  the  same  strength  as  that  in  the  inter- 


♦  *'  Chemistiy  of  Secondary  Batteries,"  p.  51, 
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mediate  liquid.  But  the  local  action  may  still  continue  for  many 
days,  and  will  tend  to  keep  the  acid  in  the  pores  a  little  weaker 
than  that  in  the  extem'al  liquid,  notwithstanding  the  return 
diffusion  of  acid  towards  the  plate. 

Turning  now  to  the  Pb  plate  in  repose,  we  find  none  of  the 
above  actions  taking  place,  except  the  slow  equalisation  of  strength 
produced  by  diffusion. 

.  But  there  is  an  action  peculiar  to  this  plate — that  is,  a  direct, 
slow  chemical  action  of  the  sulphuric  acid  on  the  lead,  producing 
lead  sulphate  and  hydrogen  gas,*    The  equation  is — 

Pb  -f  H,  SO4  =  Pb  SO4  +  Ha- 

This  must  gradually  produce  a  weakening  of  the  acid  in  the 
pores,  and  it  is  iniix)rtant  to  notice  that  diffusion,  which  is  always 
slow,  will  be  almost  entirely  prevented  by  the  choking  up  of  the 
capillai-y  passages  by  the  gas  evolved. 

We  have  indicated  the  probability  that  towards  the  end  of  a 
charge  there  is  a  film  of  the  strongest  acid  against  the  working 
surface  of  the  Pb  0,  plate.  If  this  be  true,  it  is  evident  that  as 
soon  as  repose  begins,  such  a  film  will  almost  immediately 
disappear,  owing  to  diffusion  into  adjacent  liquid,  whether  in  the 
pores  or  out  of  them. 

(c.)  Changes  during  Discharge. — As  soon  as  the  discharge 
begins,  a  still  more  rapid  reduction  of  the  strength  of  acid  may 
be  expected.  Diffusion,  local  action,  and  reduction  by  H^  O*  will 
still  take  place  on  the  Pb  Oj  plate,  and  the  direct  chemical  action 
on  the  Pb  plate,  but  on  each  plate  there  is  superadded  the 
ordinary  discharge  reaction  of  the  cell.  The  form  of  the  equatiou 
for  discharge  is  the  same  as  that  already  given  for  local  action, 
namely — 

PbO,  +  H,SO,....H.S04+Pb=PbS04+H,O....H,0+PbSO,, 

(In  this  case  the  Pb  represents  sjiongy  lead  on  the  Pb  plate.) 

But  while  the  absorption  of  sulphuric  acid  and  production  of 
water  thus  goes  on  in  both  plates,  electrical  transference  of  the 

*  GladMone  niul  Hilibert,  Pftit.  Matj.,  lbl)0.  p.  ICI ;  Ajrton  and  others.  Jour. 
IntU  AVrr.  Emjinctrs,  IStHJ,  p.  680. 
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Ha  SO^  now  takes  place  from  the  Pb  O2  to  the  Pb  plate,  causiii^- 
an  additional  weakening  of  the  acid  in  the  pores  of  the  first. 

If  discharge  has  commenced  immediately  upon  the  cessation 
of  charging,  these  different  causes  will  combine  to  produce  a  very 
rapid  decrease  in  the  strength  of  the  acid  at  the  Pb  0^  plate. 

In  any  case,  a  period  must  soon  arise  in  which  the  great 
excess  of  sulphuric  acid  originally  about  the  Pb  0^  plate  has 
disappeared  through  these  various  agencies,  and  the  acid  on  both 
plates  will  be  reduced  to  pretty  nearly  the  same  strength  as  that 
of  the  intermediate  liquid.  After  this,  there  will  be  a  gradual 
withdrawcd  of  acid  from  the  liquid  in  the  pores,  more  or  lej^^ 
com]^)en8ated  by  diffusion  inwarfs  from  the  intennediate  liquid. 
This,  of  course,  brings  about  the  reduction  in  the  strength  of  the 
whole  acid,  which  is  well  known  to  take  place  during  discharge. 

The  strength  of  the  acid  in  the  pores  will  be  determined  by 
the  relative  values  of  the  rate  of  withdrawal  and  the  rate  of 
diffusion.  But  while  the  rate  of  withdrawal  continues  constant 
for  a  given  discharge  current,  the  rate  of  diffusion  rai)idly 
diminishes.*  The  rate  of  weakening  of  the  acid  is  therefore  a 
constantly  increasing  one,  and  may  finally  become  so  rapid  that 
the  acid  strength  of  the  liquid  against  the  working  surfaces  of  the 
plates  is  very  low  or  almost  nil. 

In  such  a  case  we  may  expect  the  formation  of  the  whitt^ 
compound  described  by  Gladstone  and  Tribe,t  which  when 
analysed  seemed  to  be  a  basic  compound  of  the  composition 
2PbS04.PbO. 

(d)  Changes  on  Reijose  after  Prohmged  Discharge. — If 
through  prolonged  discharge  the  acid  against  the  working  sur- 
faces has  become  very  weak,  and  the  discharge  is  then  stopped, 
it  is  evident  that  the  acid  in  the  pores  will  quickly  increase  in 
density,  and  uniformity  of  strength  in  and  outside  the  pores  will 
be  restored  after  awhile ;  but  the  general  strength  will  always  be 
lower  than  the  original  value.     A  renewal  of  the  discharge  will. 


^  This  might  be  expected  from  the  partial  clogging  of  the  pores  by  the 
Pb  SO4  formed  on  both  plates,  and  it  has  been  experimentally  shown  to  be  iho- 
cue  by  Messrs.  Dnncan  and  Wiegond. 

t "  Chem.  of  Sec.  Batts./*  p.  4G. 
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however,  soon  lead  to  exhaustion  of  the  acid  against  the  working 
surfietces. 

Part  II.— Experimental  Determination  of  the  Change  of  Elec- 
tro-motive Force  produced  by  Changing  the  Strength  of 

Acid. 

It  is  a  matter  of  general  knowledge  that  the  electro-motive 
force  of  an  accumulator  rises  slightly  when  the  strength  of  the 
acid  is  increased.  Incidental  determinations  of  the  rise  occur  in 
several  papers,  of  which  we  may  mention  one  by  Preece*  and 
another  by  Heim.f 

In  1890,  thinking  it  probable  that  the  chief  cause  of  the  high 
E.M.F.  was  "  the  great  inequality  in  strength  of  acid  produced  by 
"  the  charging  current,"  we  made  some  experiments  which  were 
described,  with  tabulated  results,  before  the  Physical  Society.^ 
Instead  of  repnnting  these,  we  now  throw  the  results  into  a 
diagram  of  curves  (Fig.  1). 


Fio.  1. 


For  each  case,  the  ordinates  represent  E.M.F.  of  the  cell  in 
volts,  the  abscissse  represent  time  in  minutes.  The  figures 
attaclied  to  the  curves  show  the  percentage  strength  of  the  acid 


♦  Proc.  Roy,  ,Soc.,  1888,  p.  460. 
t  EL  Zett.,  1889,  p.  88. 
XPhil  Mag,,  1800,  p.  1C8. 
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ZDund  the  Pb  O2  plate.    Tlie  Pb  plate  was  always  in  18*5  per 
cent.  acid. 

The  cuiTes  show — First, — ^That  in  each  experiment  the 
E.M.F.  at  the  commencement  of  discharge  is  about  the  same 
value,  2-58  or  2-6. 

Secondly, — ^That  the  fall  after  stopping  the  charging  current 
was  initially  more  rapid  in  the  case  of  the  weaker  acid.  The 
subsequent  and  more  permanent  E.M.F.  also  depends  on  the 
strength  of  the  acid,  the  value  for  58  per  cent,  acid  being  2*27 
volts;  for  34  per  cent,  acid,  about  2'15  volts;  for  18*5  per  cent, 
acid,  about  2*01  volts.  When  the  cell  has  been  in  repose  15 
minutes,  the  weakest  acid  gave  0*26  volt  less  than  the  strongest, 
and  0*14  volt  less  than  the  34  per  cent.  acid. 

Thirdly j^That  if,  when  the  E.M.F.  has  fallen,  the  strength  of 
the  acid  be  increased,  the  E.M.F.  quickly  rises,  and,  as  the  acid 
8oaks  into  the  pores,  eventually  attains  about  the  same  value 
as  if  that  particular  strength  of  acid  had  been  maintained 
throughout. 

This  seemed  to  justify  our  conclusion,  but  we  were  desirous 
of  obtaining  more  direct  evidence  of  the  effect  of  varying  strength 
of  acid.  In  our  old  exi)eriments  we  measured  E.]M.F.  by  the 
condenser  method,  and  have  again  found  it  useful  in  many 
experiments.  But  we  have  now  made  more  accurate  determina- 
tions by  the  potentiometer,  and  in  one  series  of  experiments 
by  observing  the  current  obtained  through  a  high  resistance. 

Throughout  the  new  experiments  we  have  employed  the  same 
two  plates.  The  supports  consisted  of  thick  lead  wire  doubled 
on  itself.  Thej<e  were  pasted  with  red  lead  and  then  "  formed-'^ 
in  the  usual  way,  until  the  })aste  on  one  was  pure  lead,  and  on 
the  other  pure  peroxide  of  lead.  The  active  part  of  each  was 
about  3  inches  long  and  half  an  inch  diameter.  The  containing 
vessel  and  acid  varied  according  to  requirement,  as  described 
below  for  the  particular  exj^eriments. 

We  found  that  on  transferring  the  plates  from  a  weaker  to* 
a  stronger  acid   the   E.M.F.  begins  to  go  up,  at   first   rapidly, 
afterwards  more  and   more  slowly.    But  the  final  value  is  not 
reached  for  some  hours.     It  was  impossible  to  allow  so  much  time- 
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for  each  observation,  and  in  our  earlier  ex]^)eriments  we  made  onr 
<lotermination  of  E.M.F.  at  the  end  of  20  minutes  or  so.  Conse- 
quently in  these  our  figures  do  not  represent  the  ultimate  value 
of  the  E.M.F.  for  that  strength  of  acid,  but  they  do  not  fall  much 
^^llort.  of  it. 

In  all  experiments  the  plates  were  fully  charged,  and  before 
being  used  were  washed  free  from  the  liquid  products  of  elec- 
trolysis. 

Ist  Series. 

In  the  first  series  both  plates  were  immersed  in  acids  of  the 

same  strength.     When  one  observation  had  been  made,  the  plates 

were  quickly  transferred  to  another  cell  containing  stronger  acid, 

nnd  the  E.M.F.  occasionally  tested  for  lo  minutes,  when  it  was 

iinally   observed,  and    the    plates    af^ain    removed    into  a   cell 

containing  still  stronger  acid,  and  so  on.     The   following  table 

gives  the  results : — 

Table  J. 


Acid  in  Cell  round  both  Plates. 

E.M.F.  of  Cell 
In  Volte. 

1-0-45 

C-.5 

1-887 

1-OCi) 

9-5 

1-898 

1-080 

11-5 

1'915 

Mlo 

16-2 

1-943 

1-157 

21-7 

1-978 

1-217 

29-2 

2-048 

1-2J4 

33-7 

2-088 

1-333 

43-0 

2-170 

The  last  acid  was  found  to  act  vigorously  on  the  spongy  lead, 
.so  that  this  series  was  discontinued. 

2nd  Series. 
Tiio  same  procedure  was  followed,  with  the  exception  that  the 
P]»  plato  was  ko2>t  throughout  in  acid  of  density  1*098  =  14  per 
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cent.     The  peroxide  was  transferred  from   one  to  another  of  a 
series  of  porous  pots   filled  with   acids   of    the   strength   given 

below : — 

Table  11. 


Acid  round  Pb  O,  Plate. 


Density. 

Peroentage 
Strength. 

E.M.F.  in  Volts. 

1-045 

6-5 

1-926 

1-065       ■ 

9-5 

1-932 

1-080 

11-5 

1-939 

1-115 

16-2 

1-949 

1-157 

21-7 

1-963 

1-217 

29-2 

1-986 

1-254 

33-7 

2013 

1-335 

43-0 

2-061 

1-53* 

63-0 

2-22 

1-75* 

81-0 

2-33 

The  results  of  the  two  series  are  plotted   in   the  following 
diagram : — 
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*  The  two  last  obeerrations  reaUy  belong  to  another  set  of  experimentSj  where 
the  acid  round  the  lead  =  23  per  cent. 
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It  will  be  seen — First,  that  in  both  cases  the  E.M.F.  increases 
with  the  strength  of  the  acid,  although  in  Curve  11.  there  is  no 
change  in  the  acid  at  the  Pb  plate;  secondly,  there  is  no  coincidence 
of  the  curves  except  where  the  conditions  of  the  experiments  are 
practically  identical ;  thirdly,  that  for  any  given  abscissa  the  E,M.F. 
in  Curve  I.  is  smaller  than  that  in  Curve  II.  when  the  acid  about 
the  Pb  plate  is  less  than  14  per  cent.,  and  greater  when  it  is 
more.  Hence  it  follows  that  the  E.M.F.  depends  on  the  strength 
of  the  acid  at  both  electrodes. 

3rd  Sei^ies. 

Not  being  satisfied  with  the  range  or  the  accuracy  of  the 
preceding  series,  we  endeavoured  to  obtain  a  curve  representing 
the  relation  between  E.M.F.  and  strength  of  acid  within  the 
widest  limits. 

After  preliminary  trials  and  considerations,  we  adopted  the 
following  plan.  The  experiments  were  divided  into  two  parts, 
in  consequence  of  the  action  of  strong  acid  on  spongy  lead. 

In  the  first  part,  we  commenced  with  an  acid  of  5*6  per  cent., 
and  worked  upwards  to  49  per  cent.,  allowing  the  plates  to  stand 
half  an  hour  in  each  acid  before  final  observation  of  E.M.F.  The 
process  was  then  reversed,  working  downwards  through  the  same 
acids  to  5*6  per  cent,  again,  and  then  continued  through  weaker 
acids  to  a  mere  trace — less  than  0*05  per  cent.— and  the  cycle 
finished  by  returning  once  more  to  5*6  per  cent.  As  even  half 
an  hour  or  an  hour  is  scarcely  sufiicient  for  equalisation  of  the 
strength  of  the  acid  within  and  without  the  pores  of  the  plates, 
it  may  be  expected  that  the  ascending  series  would  scarcely 
represent  the  full  effect  of  the  rise,  whilst  the  descending  series 
would  scarcely  represent  the  full  effect  of  the  fall  We  therefore 
give  in  Table  III.,  not  only  the  numbers  actually  obtained,  but 
also  the  means  of  the  ascending  and  descending  series,  which 
cannot  be  far  from  the  true  values.  We  have  proof  of  this  in 
the  case  of  the  5'6  per  cent,  acid,  where  the  mean  is  1*89  volts, 
while  the  true  E.M.F.,  as  very  carefully  determined  pre\-iously 
for  the  same  strength,  was  1*88  volts.  This  agreement  also 
proves  that  no  appreciable  change  had  come  over  the  plates 
during  the  operations. 
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Table  HI. 


i2i 


Time  of  Soaking,  j  "'^^S'.""  \  %  H,  SO,. 


1  hour 

i 

Trace 

•  •• 

1-507 

n 

1-008 

1-2 

1    1-747 

1-777 

1-013 

2-0 

1-792 

1-825 

n 

1-020 

3-1 

1-835 

:    1-867 

n 

1-037 

3-6 

:    1-875 

1-908 

30  minates 

i    1-071 

10-4 

;    1-922 

1-953 

j> 

;    M54 

21-3 

;    1-993 

1    2-016 

» 

1-233 

I      31-2 

2-055 

i    2066 

15  minates 

'    1-388 

49-0 

'    2-149 

•  •  • 

Electro-motive  Force  in  Volts. 

Ascending.  Descending .      Mean. 

1-J07 
1-762 
1-808 
1-851 
1-891 
1-937 
2-004 
2-060 
2-149 


In  the  second  part  of  the  experiments  of  this  series,  the  Pb 
plate  stood  throughout  in  27  per  cent.  acid.  We  commenced 
with  the  Pb  0-2  plate  in  43-5  per  cent,  acid,  ascended  to  88-5  per 
cent.,  and  then  returned  to  43-5  again.  A  longer  time  was  here 
allowed  for  diffusion,  as  the  strong  acid  is  very  viscid.  Not- 
withstanding this  longer  soaking,  the  differences  between  the 
ascending  and  descending  series  are  greater  than  before.  The 
results  are  given  in  the  following  table : — 

Table  IV. 


Time  of  Soaking 

Acid  round  Peroxide. 

Density.      a,lIsSO^. 

i 

^Vscendin;;. 

E.M.F. 

Peroxide  Plate. 

I)?!(cendiiig., 

Mean,     ! 

50  minutes 

1-338 

43-5 

2-106 

1    2-163 

2-135 

50          „ 

1-446 

54-8 

2-179 

2-233 

2-206 

50         „ 

1-569 

66-0 

2-259 

2-298     1 

2-277 

60         „ 

1-605 

69-0 

2-279 

2-342 

,                                  1 

2-310 

60         „ 

1-723. 

79-0 

2-354 

;    2-398 

2-376 

60         „ 

1-814 

88-5 

2-442 

;    - 

2-442     1 

VOL,  XXI. 

~29 

Digitized  b\ 

GooqI( 

424  CAUSE  OJ;^  THE  CHANGES  OF  ELECTRO-MOTIVE  [May  I2tli, 


The  mean  results  of  Tables  III.  and  IV.  are  given  in  the 
following  diagram  :-^ 
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Fig.  3. 

The  two  curves  very  nearly  join,  and  when  it  is  considered  that 
the  highest  E.M.F.  of  the  lower  cur\'e  is  almost  certainly  too  low^ 
and  the  lowest  E.M.F.  of  the  upper  curve  too  high,  the  coincidence 
is  striking. 

An  attempt  was  made  to  get  an  observation  in  very  strong 
acid.  The  fully  charged  Pb  0,  plate  was  washed  in  Avater,  and 
dried  at  100°  C.  It  was  then  soaked  in  95  per  cent.  acid.  After 
34  minutes'  soaking,  the  E.M.F.  was  observed,  and  the  i)late  then 
placed  in  weaker  acid.  In  consequence  of  absorption  of  water  from 
the  adjacent  liquid  of  the  cell,  as  well  as  from  the  atmosphere,  the 
acid  round  the  Pb  Oj  plate  fell  to  91*5  per  cent.,  the  Pb  plate 
standing  all  through  in  27*5  per  cent.  acid.  Results  are  givea 
below,  and  are  fairly  confirmatory  of  the  previous  figures : — 

TaUe  r. 


Time  of  Soaking. 


34  minutes 

63 

67 

97 


n 


Acid  round  Fb  O, 

rute. 


91-5  ;/ 

65-5  2 
53-0  % 


E.M.F. 


2-44 
2-37 
2-28 
2-16 
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The  highest  E.M.F.  here  obtained  (2'44)  is  very  nearly  the 
same  as  that  given  in  Table  IV.  for  88  per  cent.  acid. 

A  still  further  efiFort  was  made  to  get  an  obsen-ation  in  the 
strongest  acid.  A  Pb  O3  plate  was  soaked  all  night  in  80  per 
cent,  aeidy  and  in  the  morning  transferred  to  a  jar  containing 
99  per  cent.  H^  SO4.  This  was  kept  under  a  closed  bell  jar  for 
four  hours,  after  which  the  E.M.F.  between  the  Pb  O^  in  this 
strong  acid  and  a  Pb  plate  in  25  per  cent,  acid  was  measured  by 
potentiometer.  The  value  was  2*47  volts,  which,  after  30  minutes' 
further  standing,  rose  to  2*48  volts  nearly.  This  is  represented 
in  Fig.  3  by  the  small  cross  X. 

It  was  expected  that  a  still  higher  voltage  could  be  obtained 
if  both  plates  wore  immersed  in  the  strongest  acid,  undiluted 
H2  SO4.  The  diflBculty  was  that  this  acid  acts  pretty  readily  on 
the  spongy  coating  of  the  ordinary  Pb  plate,  so  we  made  an 
experiment  with  a  strip  of  ordinary  clean  sheet  lead.  Placing 
this  in  the  same  Hj  SO4  in  which  the  Pb  O..  plate  had  been 
standing  for  some  hours,  the  E.M.F.  was  found  to  be  as  high  as 
2,607*  volts.     This  is  indicated  in  Fig.  3  by  *. 

Part  III. — How  Far  are  these  Eesults  Capable  of  PIxplainog 

ALL    that    is    KxOWN    ABOUT    ChAXCfKS    OF    ElECTRO-MOTIVE 

Force  ? 

At  the  very  beginning,  it  is  evident  that  the  experiments 
described  in  Part  II.  more  than  cover  the  range  of  variation  in 
E.M.F.  during  ordinary  work.  For  these  limits  are  :  a  maximum 
P.I>.  of  2*5  volts  at  the  end  of  a  charge,  and  1*8  volts  at  the  end 
of  a  discharge — figures  which  come  within  the  variations  produced 
by  strong  and  weak  acid. 

But  our  results  go  much  farther  than  this  ;  and  for  the  purpose 
of  detailed  consideration  we  shall  compare  them  (as  shown  in 
Parts  I.  and  II.)  with  the  valuable  observations  of  Professor 
Ayrton  and  his  collaborateurs.  Their  papers  in  the  Journal  of  the 
Institutiont  contain  the  most  elaborate  and  trustworthy  account 
of  working  variations  of  P.D.  which  has  yet  been  published. 

•  The  same  KM.F.  was  obtained  whether  the  lead  was  cleaned  by  tcraping 
with  a  knife,  or  by  washing  with  acetic  acid, 
t  Jottr,  Inst,  Elect.  Eng.^  pp.  545,  661. 
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In  order  to  make  the  oomparison  more  evident  to  the  reader, 
we  give  the  two  following  time  curves  of  E.M.F.  in  charge  and 
discharge.  They  are  deduced  from  the  curves  of  P,D.  values 
given  by  Prof.  Ayrton  and  others  in  the  figures  opposite  p.  661, 
by  making  allowance  for  the  resistance  as  exhibited  on  pp.  590 
and  592.  We  indicate  for  certain  marked  points  in  the  curves 
the  percentage  strength  of  the  acid  in  the  general  body  of  the  cell 
as  deduced  from  the  specific  gravities  given  on  pp.  672  and  673. 
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Acid  in  General  Body  of  Cell  during  Discharge. 


'        At  Point 

Density  given. 

1-205 
1-189 
1-180 

?;h,  80^. 

i          A' 
B' 
C 

27-8 
25-9 
24-8 

As  feir  as  charging  is  concerned,  we  have  already  shown  that 
sulphuric  acid  must  be  continuously  formed  by  the  decomposition 
of  the  sulphate  on  each  plate,  and  that  the  acid  must  become  more 
and  more  concentrated,  especially  against  the  Pb  0^  plate.     If 
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our  views  be  correct,  this  must  give  rise  to  an  immediate  rapid 
increase  of  E.M.F. ;  but  as  the  action  proceeds,  the  tendency  of 
the  heavy  acid  to  sink  towards  the  bottom  of  the  vessel,  or  to 
diffuse  into  the  weaker  intermediate  acid,  will  become  greater, 
and  a  point  will  be  reached  when  the  production  of  sulphuric  acid 
against  the  plate  will  be  nearly  counterbalanced  by  its  dispersal. 
The  E.M.F.  will  still  rise  slowly,  because  the  intermediate  acid 
is  gradually  increasing  in  strength. 

This  evidently  is  the  tale  that  is  told  by  Fig.  4.  Beginning 
with  an  external  acid  of  24*6  per  cent.,  and  a  corresponding 
E.M.F.  of  about  2*03  volts,  there  is  a  rapid  rise — so  rapid, 
indeed,  that  by  the  end  of  half  an  hour  the  E.M.F.  has  become 
2*1  (which  is  about  equal  to  what  would  be  given  by  a  40  per  cent, 
acid  at  each  plate — see  Fig.  3),  whilst  the  intermediate  acid  has 
not  risen,  but  is  only  24*5  per  cent.  The  increase  of  E.M.F. 
due  to  increase  of  strength  of  acid  against  the  plates  then 
becomes  very  slow ;  but  after  about  nine  hours  it  is  found  to  have 
risen  to  what  we  may  look  upon  as  45  per  cent,  or  more,  against 
the  Pb  O3  plate,  while  the  intermediate  acid  in  the  cell  has  risen 
to  27  per  cent.  It  subsequently  rises  against  the  working 
surfaces  of  the  plates  to  55j  and  eventually  to  at  least  66  per 
cent.,  or  probably  much  more,  though  the  strength  is  little 
increased  in  the  body  of  the  cell. 

AMien  discharge  commences,  we  have  shown  that  there  must 
be  a  very  rapid  weakening  of  the  acid  from  diffusion  and  forma- 
tion of  lead  sulphate,  till  the  losses  are  fully  counterbalanced 
from  the  intermediate  acid.  There  will  then  be  no  material 
reduction  till  the  intermediate  acid  is  considerably  reduced  or 
prevented  diffusing  freely  into  the  pores  of  the  plates.  This  is 
the  explanation  of  Fig.  o.  We  see  the  rapid  &11  of  E.M.F.,  the 
bulk  of  which  takes  place  in  the  first  few  minutes  (see  Ayrton 
and  others,  pp.  545  and  546,  and  our  experiments.  Fig.  1). 
After  about  half  an  hour  the  E.M.F.  is  reduced  to  about 
2"03  volts,  indicating  about  25  per  cent.  Hj  SO4  against  the 
plates,  while  the  intermediate  acid  is  27*8  per  cent.  This 
state  of  things  lasts  for  some  hours,  but  the  absorption  of  the 
free  acid  that  is  in   the  pores   of  the  plates   gradually  reduces 
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the  strength  there  below  that  of  the  intermediate  liquid,  so  that 
after  eight  hours  the  internal  acid  is  about  22  per  cent.,  while  the 
external  strength  has  sunk  only  to  about  26  jier  cent.  The  acid 
against  the  i)lates  then  declines  more  rapidly,  so  that  in  four  hours 
more  the  E.5LF.  is  equal  to  that  which  would  be  given  by  7  per 
cent,  at  each  plate,  while  the  intermediate  acid  has  scarcely  sank 
below  25  per  cent. 

We  have  already  mentioned  in  Section  I.  that  when  the  add 
is  very  weak  the  compound  2  Pb  SO4 .  Pb  O  may  begin  to  form. 
Should  this  be  the  case,  the  acid  absorbed  per  ami>ere-liour  would 
be  less  than  before  by  about  one-third.  This  is  about  what  was 
found  by  Dr.  Frankland,  and  described  by  him  in  the  discussion 
on  the  paper  by  Professor  Ayrton  and  his  colleagues  (Jour. 
In'st.,  xix.,  698).  Dr.  Frankland  shows  that  in  some  prolonged 
discharges  there  was  some  such  reduction  of  the  absorbed  acid, 
and  that  the  diminished  rate  of  absorption  began  when  the 
voltage  fell  below  1*8 — a  figure  indicative,  on  our  hypothesis, 
of  a  weak  acid  in  the  pores  of  the  plates. 

We  have  also  shown  that  if  through  prolonged  discharge  the 
acid  in  the  pores  has  become  very  weak,  a  stoppage  of  the 
discharge  ought  soon  to  bring  up  the  acid  towards  what  it  is 
outside.  The  E.!^LF.  ought  therefore  quickly  to  increase  to  the 
normal,  or  nearly  so.  This  rise  after  rest  was  obser\  ed  in  very 
early  days,  and  has  been  fi:equently  discussed,  as,  for  example,  by 
Messrs.  Gladstone  and  Tribe  ("  Chem.  Secondary  Batts.,'-  p.  28), 
and  by  Professor  Ayrton  and  others. 

We  have  already  seen  that  if  a  charged  cell  be  allowed  to  rest 
without  discharge,  the  acid  in  the  interstices  of  the  Pb  plate  is  slowly 
weakened  by  its  action  on  the  lead  with  the  evolution  of  hydrogen 
gas.  The  gas  will  tend  to  clog  the  interstices  and  imj)edethe 
stronger  acid  outside  from  diffusing  inwards.*  The  lower  strength 
of  internal  acid  will  produce  a  lower  E.M.F.  than  would  be 
obtained  if  the  internal  acid  were  of  the  same  strength  as  the 
external.  In  other  words,  a  discharge  after  long  repose  ought  to 
commence    with  a  somewhat  low  E.M.F.     But   one  effect  of 

*  There  may  also  be  a  slow  formation  of  lead  sulphate  on  either  plate,  due  (0 
the  local  action  described  farther  on  (p.  429). 
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discharging  will  be  to  remove  the  impediment  to  free  diflfusion 
produced  by  the  enclosed  gas,  and  thus  tend  to  increase  the 
strength  of  the  internal  acid,  witli  a  consequent  small  rise  in 
E.M.F.  as  the  discharge  goes  on. 

Now  Professor  Ayrton  and  his  colleagues  obtained  these  very 
results  in  two  instances.  The  curves  representing  one  of  these 
we  have  reproduced  (Fig.  6)  from  their  i)aper,  with  two  pre^-ious 
normal  curves,  a  and  6,  for  comparison. 
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In  both  the  instances  not  only  had  the  P.D.  sunk  below  the 
nonnal  during  repose,  but  it  never  quite  recovered  its  normal 
value,  while  the  fall  towards  the  end  of  the  action  took  place  in 
about  two-thirds  of  the  normal  time.  On  subsequent  charging, 
the  process  of  decomposing  the  Pb  SO4  lasted  for  only  two-thirds 
of  the  usual  time.  All  this  points  to  an  early  clogging  of  the 
pores,  and  a  consequent  diminution  of  the  total  chemical  action. 

In  this  way  we  explain  what  the  discoverers  of  the  effect 
regard  as  a  difficulty.  The  real  problem  that  had  to  be  solved 
was  not,  why  did  the  P.D.  go  up  during  discharge  ?  but  why  had 
it  gone  down  during  the  many  days'  repose  ? 

Part  IV. — Confirmations,  Theoretical  and  Experimental. 

1.  Cluinges  of  E.M.F.  with  Two  Similar  Plates. — In  the 
cUscussion  that  followed  one  of  our  papers  at  the  Physical  Society, 
]\Ir.  Hibbert  mentioned  that  if  two  lead  plates  are  put  into  acids 
of  different  strengths,  separated  by  a  porous  diaphragm,  a  voltaic 
current  is   produced  on  completing    the    circuit.*      We    have 


*  Ehctrician,  voL  xxri.,  p.  134. 
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performed  this  experiment  on  two  lead  plates  quantitative 
reference  to  the  E.M.F.  i)roduced,  and  have  extended  the  | 
tions  to  two  i)eroxide  plates^. 

The   method  of  experimenting   was   as   follows: — A| 
cell  was  taken,  in  one  compartment  of  which  was  placed 
acid  of  about  0*2  per  cent.,  in  the  other  an  acid  varyij 
this  strength  upwards. 

A  pair  of  lead  plates  was  tested  in  the  weakest  acid,! 
to  ascertain  that  when  immersed  in  the  same  liquid  t^ 
no  appreciable  E.M.F.     One  of  the  lead  plates  was  then 
a   stronger  acid,  and   the   E.M.F.    between   it  and    thl 
determined  by  the  condenser  method.     This  was  continul 
a   98  per  cent,  acid,  but,  as  the  stronger  acids  act   fn 
spongy  lead,  the  observations  beyond  22'o  per  cent,  we 
with  two  solid  lead  wires. 

The  results  are  given  in  the  following  table.  The  Ic 
in  the  weaker  acid  behaved  all  through  like  a  Pb  0...  plalj 
other,  and  it  is  therefore  called  the  +  plate. 

TaUe  Vr. 


Acid  ronod 
+  Lead  Plate. 

Add  roand 
-  Lead  I'late. 

E.M.F.  in  Volts. 

Per  Cent. 

Per  Cent. 

0-2 

0-65 

0-036 

99 

1-35 

0-047 

39 

2-85 

0-060 

?9 

5-J 

0-066 

•• 

10-5 

0-082 

99 

14-5 

0-094 

•• 

18-0 

0-102 

•« 

22-5 

0-109 

•  9 

36-5 

0-150 

99 

48-0 

0-164 

•  9 

57-5 

0-204 

99 

85-5 

0-247 

.. 

98-0 

0-266 

A  similar  feeries  of  experiments  was  made  with  two  jjj 
plates.  It  is  not  likely,  however,  that  the  99  per  cei 
had  completely  soaked  into  the  meshes  of  the  Pb  O. 
peroxide  in  the  weaker  r.cid  behaved  like  a  lead  plate, 
therefore  called  the  —  plate. 
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TaUe  TIL 

Acid  ronnd      I      Acid  ronnd 
;  -  Pb  O,  Plate.  |  +  Pb  O,  Plate. 


E.M.F.  in  Volts. 


I'er  Cent. 
0-2 


99 


?9 

9J 


Per  Cent. 
0-65 

2-8J 

5'5 
10-5 
14-0 
18-0 
22-5 
36v 
48-0 
57*5 
85-5 
99-0 


0-054 
0-072 
0-095 
0-107 
0-134 
0-150 
0-158 
0-168 
0-215 
0-281 
0-359 
0-537 
0-643 


The  results  are  delineated  in  the  following  diagram  :— 
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be  de[^ndent  only  on  the  varying  stre^ngth  of  acid.     I 
course,  is  a  strong  confirmation  of  the  theory  we  have  pro|)o 

It  is  worthy  of  note  that  in  the  three  experiments  jusi 
pared  together,  tlie  strength  of  the  unchanged  acid  roui 
—  plate  was  very  far  from  being  the  same,  varying,  in  fac 
14  per  cent,  in  Fig.  2,  and  27  per  cent,  in  Fig.  3,  to  C 
<?ent.  in  Fig.  7.  In  other  words,  it  does  not  matter  what  n 
the  starting  iK)int.  This  is  just  what  might  be  expected  if 
dealing  merely  with  a  differential  result. 

If  we  compare  Curve  I.,  Fig.  7,  with  the  lower  part  of 
ve  observe  a  general  resemblance,  but  with  well-marked 
^nces.*  In  each  case  there  is  the  rapid  rise  at  commenc 
with  the  subsequent  bend  over  and  convexity.  But  in  Fig. 
limeanty  has  nearly  disappeared.  There  is  also  another 
^nce.  The  rise  in  this  case  between  6*5  pen-  cent,  and 
lent,  is  0-2ol  volt,  instead  of  0-183  volt  in  Fig.  7. 

These  differences  are  easily  explained.  It  will  be  remei 
that  the  curve  of  Fig.  3  represents  the  variation  of  E.^I. 
to  increasing  strengths  of  sulphuric  acid  about  the  peroxi 
the  lead  plate  at  the  same  time ;  while  Curve  I.,  Fig.  7,  rep: 
the  increasing  E.M.F.  due  to  increased  strength  of  sulphur 
N)lely  Jit  the  H-  Pb  Oa  plate.  In  Curve  II.  of  Fijj.  7  we 
however,  the  E.M.F.  due  to  increasing  percentages  of  sul 
acid  round  a  —  Pb  i)late.  Now  it  has  already  been  state 
increasing  the  sulphuric  acid  round  the  two  plates  acts  in  o] 
directions  in  the  two  cases,  so  that  the  i3otential  difl 
between  them  in  any  particular  acid  will  be  the  arithmeti 
of  the  separate  effects.  We  ha^'e  therefore  added  the  two 
of  Fig.  7  together,  and  expressed  the  result  in  the 
^liagram  by  a  dotted  curve.  It  will  at  once  be  seen  thi 
combined  ^urve  closely  resembles  the  experimental  cu 
Rg.  3,  the  concavity  having  almost  disaj»peared.  The  ris 
C-5  to  49  per  cent,  has  become  0*27  volt,  only  slightly  exc 
that  of  the  cur\'e  in  Fig.  3,  namely,  0*25  volt.      If  we 


•  In  such  a  comparison  it  must  be  remembered  tbat  tho  scale  of  ord 
Kf .  3  is  only  half  that  in  Fig.  7. 
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the  rise  from  6*5  to  99  per  cent.,  we  get  0*73  volt  from  Fig.  7,  as 
against  0*71  from  Fig.  3. 

We  have  thus  resolved  the  rise  and  fall  of  E.M.F.  during  the 
charge  and  discharge  of  a  cell  into  the  two  parts  of  which  they 
are  composed,  and  have  determined  them  quantitatively. 

2.  Confirmalcn^y  Evidence  frcrni  Changes  in  ReaisUnice, — The 
general  correctness  of  the  conclusions  arrived  at  in  Part  III.  is 
supported,  not  merely  by  the  known  changes  in  E3LF.,  but  also 
by  changes  in  resistance  as  given  by  Professor  Ayrton  and  his 
colleagues. 

It  is  a  matter  of  common  knowledge  that  sulphuric  acid 
varies  very  much  in  resistance  according  to  its  state  of  hydration ; 
that  the  resistance  is  least  for  acid  of  about  30  per  cent.,  though 
not  changing  very  widely  between  15  and  50  per  cent. ;  and  that 
if  the  acid  become  either  weaker  or  stronger  than  these,  its 
resistance  rapidly  increases.  Tlie  following  figures,  calculated 
from  Kolilrausch's  results,  will  give  an  idea  of  the  variation : — 

Resistance  of  S^dphuric  Acid  Sdvtions. 


H,  SO,. 

BelattTe  Resistance. 

2-.i 

6-73 

15-0 

1-33 

so-o 

100 

50-0 

1-35 

71-0 

3-79 

9J-0 

7-29 

t 

Hence  we  should  expect  that  if  the  acid  against  the  working 
surfaces  of  the  plates  is  being  concentrated  during  <?harge,  or 
greatly  weakened  during  discharge,  there  would  be  a  marked 
increase  in  resistance.  This  is  exactly  what  is  found  to  be  the 
case.  In  the  Journal j  vol.  xix.,  p.  590,  is  a  diagram  showing  the 
very  rapid  increase  of  resistance  during  charge,  the  increase 
beginning  when  the  E.M.F.  fallout  2*17)  indicates,  according  to 
our  theory,  a  strength  of  sulphuric   acid   against  the   working 
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.surfaces  of  the  plates  of  somewhere  alx)ut  50  i)er  cent. ;  also 
showing  that  at  the  end  of  the  charge  "  the  i-esistance  is  five 
''times  as  great  as  its  minimum  value." 

This  is  particularly  worthy  of  remark,  because  every  other 
chemical  change  would  tend  to  diminisli,  instead  of  inci;easing, 
resistance.  The  Pb  O2  produced  on  the  one  plate,  and  the 
metallic  lead  produced  on  the  other,  are  both  much  better 
conductors  than  the  Pb  SO4  which  they  replace. 

On  page  592  of  the  same  volume  is  another  diagram,  showing 
that  when  the  discharge  of  this  cell  was  begun  the  E.M.F.  had 
fallen  from  2-30  to  2*06  volts ;  and  the  resistance,  which  at  the 
end  of  the  charge  was  0-0115  ohm,  had  fallen  to  0-0038.  We 
attribute  both  these  falls  to  the  same  cause,  namely,  the 
reduction  of  the  internal  acid  to  about  30  per  cent.  Subse- 
quently, the  E.M.F.  slowly  diminished,  while  the  resistance 
remained  nearly  the  same  for  about  five  hours,  when  the  K.M.F. 
more  rapidly  fell  to  l'9o  volts,  and  the  resistance  rose  to 
0-0055  ohin. 

This  is  more  than  would  be  expected  from  the  above  table  of 
resistances,  but  it  must  be  remembered  in  this  case  that  the 
other  chemical  changes — that  is  to  say,  the  conversion  of  Pb  0.., 
and  Pb  into  Pb  SO4  would  also  tend  to  increase,  instead  of 
diminishing,  the  resistance. 

We  cannot  lay  great  stress  on  precise  numericail  relations  in 
the  case  of  resistance,  as  the  change  in  the  strength  of  the  acid  at 
the  working  surfaces  is  only  one  of  the  factors,  though  an 
important  one. 

3.  ConfiimicUionfroniMr.Crompton'it  Expert  laeniH, — During 
the  discussion  on  the  jmpers  by  Professor  Ayrton  and  his  colleagues, 
Mr.  Crompton  described  two  series  of  experiments  which  ha\  e  a 
bearing  on  this  subject.*  In  the  fir-jt  series  some  cells  were 
discharged  at  rates  varying  from  11  to  66  amperes,  and  Mr. 
Crompton  found  that  the  ampere-hours  delivered  with  a  given 
range  in  P.D.  fell  from  300  to  125.  lie  adds :  "  In  every  case  the 
"  form  of  the  curve  is  very  definite,  the  turn-down  as  soon  as  the 
"  electro-motive  force  falls  to  1*8  being  very  marked." 

^Jour.  Inst,  Eke.  Engineers,  vol.  xix.,  pp.  <»01.  (592. 
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This  follows  natumlly,  because  at  the  higher  rate  of  discharge 
the  absorption  of  the  acid  in  the  pores  has  become  much  quicker, 
while  the  diffusion  is  scarcely  affected,  so  that  the  weakeninjij^ 
process  goes  on  much  faster.  The  critical  voltage  of  1*8  simiily 
indicates  that  the  internal  acid  has  become  very  weak.  ^Ir. 
Oompton's  curves  and  remarks  show  clearly  that  the  fall  i.< 
independent  of  the  amount  of  Pb  Oj  remaining  on  the  plate. 

In  the  second  series  of  experiments  thicker  plates  were  used, 
and  then  he  found  a  greater  diminution  of  delivering  capacity  at 
the  higher  rates  of  discharge — in  fact,  it  fell  from  300  to 
90  ampere-hours,  and  at  the  highest  rate  the  fall  began  almost 
at  once.  This  must  be  the  natural  result  of  the  greater  distance 
through  which  the  entering  acid  has  to  diffuse. 

4.  ConfiTnuiiion  from  The^^nchChemdistry. — It  is  possible  to 
test  the  matter  further  by  applying  Lord  Kehin's  law  as  to  the 
relation  between  the  E.M.F.  of  a  cell  and  the  thermal  xiAxie  of 
the  chemical  actions  contributing  to  it.  We  hope  to  go  into  this 
matter  more  fully,  and  shall  content  ourselves  at  present  with 
pointing  out  that  the  liquid  in  a  secondary  cell  is  a  mixture^ 
or  a  chemical  compound,  of  two  different  1i([uids — sulphuric  acid 
(Ha  SO4)  and  water,  in  varying  proportions. 

The  simple  problem  is  to  determine  what  would  be  the  voltage 
of  a  Pb  0.J  —  Pb  cell  in  which  there  was  nothing  but  pure  Hj,  SO^* 

From  the  thermo-chemical  data  which  are  before  us  we  arrive 
at  the  value  2-627  volts.  Our  own  determination,  by  means  of 
the  closest  approximation  which  we  could  make  to  absolute 
H,  SO4,  is  2-607  volts. 

With  pure  water  only  in  the  cell,  the  calculated  value  is^ 
1-35  volts,  whilst  in  an  experiment  we  found  1-36  volts. 

In  determining  the  thermo-chemical  values  for  mixtures  of 
these  liquids,  it  is  necessary  to  subtract  the  heat  of  dilation 
from  the  available  energy.  On  doing  this,  the  calculated  and 
exi)erimental  numbers  do  not  agree  so  well  as  those  already 
given,  until  we  come  to  the  most  prominent  part  of  the  curve 
at  about  6  per  cent.  acid.  The  theoretical  value  at  this  pointy 
as  determined  from  the  known  heats  of  combination  and  dilution^ 
would  give  1*901  volts,  the  experimental  value  being  1*89  volts. 

Digitized  byVjOOQlC 


18J2.]  FORCE  IN  SECOXDAUY  BATTERIES.  AP.T 

With  lower  figures  than  6  per  ceut.  it  is  evident  that  tha 
change  is  not  to  be  accounted  for  on  thermo-chemical  grounds^ 
unless  we  admit  a  change  in  the  chemistry  as  we  approach  pure 
water — ^a  conclusion  already  drawn  from  other  data  (see  p.  -417). 

It  is  now  easy  to  understand  the  large  P.D.  required  for 
charging  an  accumulator.  Tlie  current  has  to  do  extra  work 
in  concentrating  IL  SO4  at  the  Pb  O2  plate,  and  the  ener^^y 
equivalent  to  that  work  must  be  obtained  from  an  increased  P.D^ 
For  a  dyad  gramme  equivalent  of  11^  SO4  concentrated  from  a 
10  per  cent,  solution  to  100  per  cent,  about  17,000  calories  will  lie 
needed,  and  this  =  ()'37  volt.  The  calculated  charging  K.M.F. 
must  therefore  be  at  least  2-3  volts. 

Part  V. — Consideration  of  other  Sugoestei)  Causf:s  of  the 
Variation  of  E.M.F. 

As  other  causes  have  been  suggested  for  the  changes  in  E.3LF., 
it  is  desirable  to  consider  how  far  they  are  in  accordance  with  the 
known  facts  of  the  case.  It  is  evidently  possible  that  the 
phenomena  may  be  due  to  a  number  of  causes  co-operating. 

1.  It  might  be  supjiosed  that  the  reduction  of  the  E.M.F.  in 
discharge  is  determined  by  the  relative  amount  of  lead  peroxide,, 
which  is  destroyed  or  covered  over  with  sulphate  of  lead. 

This  is  absolutely  disproved  by  tlie  experiments  of  Professor 
Ayrtonandhis  colleagut»s,  which  are  <(raphically  represented  in 
Figs,  1  and  2,  given  on  p.  661,  vol.  xix.  of  the  Journal  of 
Electrical  Engi^ieera.  It  will  there  be  seen,  from  the  determinations 
of  the  percentage  of  Pb  ( K  found  on  plugs  removed,  that  the 
formation  of  the  Pb  0.j  in  char<(ino;,  and  the  decomposition  of  it 
in  discharging,  is  a  fairly  regular  and  continuous  action.  It  gives 
no  indication  of  the  rapid  changes  at  the  conmiencement  and 
termination  of  charging  and  discharging ;  while  during  the  inter- 
mediate period,  when  there  is  little  change  of  the  E.M.F.  for 
many  hours,  the  rate  of  variation  in  com^)osition  is  steady.  This 
is  indicated,  as  far  as  the  discharge  is  concerned,  by  the  dotted 
line  in  our  Fig.  4,  which  is  reproduced  from  the  paper  by  Messrs. 
Ayrton,  Lamb,  Smith,  and  Woods.  (See  also  remarks  on  Mr.. 
Crompton'e  experiments,  ante.) 
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2.  Plaiite  considered  that  the  exceedingly  high  K.M,F.  observed 
for  the  first  few  minutes  on  joining  up  a  completely  formed  cell, 
immediately  after  its  removal  from  the  charging  circuit,  was  due 
to  the  gaseous  hydrogen  found  on  the  Pb  plate.  Gladstone  and 
Tribe,*  while  considering  that  this  was  possible,  drew  attention 
rather  to  the  hydrogen  occluded  by  the  lead  as  a  possible  cause, 
but  stated  at  the  same  time  that  this  occluded  hydrogen  was 
exceedingly  small  in  quantity.  Frankland  showed  by  a  totally 
diflferent  process  that  it  was  practically  nil. 

But  hydrogen  on  one  plate  and  oxygen  on  the  other  would 
not,  under  the  conditions,  account  for  as  much  as  2  volts,  and 
this  explanation  is  therefore  inadequate. 

3.  Plante  observed  that  a  small  quantity  of  lead  peroxide  is 
formed  on  the  Pb  plate  during  discharge ;  and  Gladstone  and 
Tribe  found  In  this  a  reason  for  the  state  of  electric  equilibrium 
being  a^iproached  before  the  peroxide  on  the  Pb  Oj  plate  is 
exhausted,  and  also  for  the  fact  that  partly  discharged 
accumulators  give  an  increased  current  after  repose  (**Chem. 
"  of  Sec.  Batts,"  pp.  27,  28).  This  last  action  is  attributed  to  the 
extreme  rapidity  with  which  the  lead  peroxide  formed  on  the  Pb 
plate  must  be  destroyed  by  local  action. 

Mr.  Bobertson  has  recently  added  to  this  the  observation  that 
the  formation  of  peroxide  of  lead  on  the  Pb  plate  does  not  take 
place  till  the  E.!M.F.  has  fallen  much  below  the  normal  value.f 

We  have  already  attributed  the  resuscitation  of  the  E.M.F.  on 
repose  to  the  inflow  of  the  stronger  acid  to  the  acting  surfaces  of 
the  opposed  plates,  but  we  must  look  upon  this  formation  of 
peroxide  of  lead,  where  it  does  occur,  as  contributing  Ijoth  to  the 
reduction  of  E.M.F.,  and  its  resuscitation. 

4.  Presence  of  eonie  Form  of  ^^  Active  Oj^ygeii.' — It  is  well 
known  that  electrolysed  sulphuric  acid  contains  some  hydrogen 
dioxide,  which  is  probably  due  to  the  decomposition  of  per- 
flulphuric  acid  by  water. 

Gladstone  and  Tribe  showed  that  the  presence  of  hydrogen 


*  **  Chemistry  of  Secondary  Batts.,"  p.  48. 

t  Rohertson's  report  to  Profeasor  Ayrton,  &c.,  Jour,  InsL  EUc,  Enginctrt^ 
vol.  xL\.,  pp.  070-075. 
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dioxide  in  a  cell  must  reduce  the  peroxide  of  lead — an  obser- 
vation confirmed  by  Eobeiison  (Proc.  Roy.  Soc,  vol.  1., 
p.  107). 

Last  June,  both  3Ir.  Robertson  and  Professor  Armstrong 
communicated  papers  to  the  Royal  Society,  in  which  they  attach 
great  weight  to  the  presence  of  peroxides  in  the  electrolyte,  as 
caasing  a  loss  of  efficiency.  As  only  abstracts  of  these  papers 
are  published  as  yet,  we  cannot  enter  into  any  criticisms  of  their 
experiments.  Mr.  Robertson,  however,  in  a  lecture  to  the 
Society  of  Arts  {Jam\  S.  -4.,  xL,  p.  44),  states  that  the  "  variations 
"  in  E.M.F.  appear  to  depend  on  which  plate  hydrogen  dioxide  is 
"  found  at.  When  present  at  the  peroxide  plate  it  causes  a  rise, 
"  but  when  difiused  through  the  acid  and  present  at  the  lead 
"  plate,  it  causes  a  lowering  of  the  E-SLF." 

We  therefore  made  several  experiments  with  the  addition  of 
hydrogen  dioxide  (both  ordinary,  and  carefully  purified  firom 
hydrochloric  acid).  Our  arrangements  admitted  of  adding  the 
hydrogen  dioxide  to  the  electrolyte  surrounding  either  the 
peroxide  or  the  lead  plate.  Some  of  the  determinations  of 
E.M.F.  were  made  by  a  condenser,  and  others  by  observing  the 
current  through  an  astatic  galvanometer  in  series  with  a  high 
resistance. 

We  generally  obtained  a  slight  reduction  (atout  0*02  of  a 
Tolt),  but  only  what  might  be  fairly  attributed  to  the  dilution 
of  the  8uli)huric  acid. 

It  was  still  possible  that  some  other  form  of  "  active  oxygen  ^ 
might  accomplish  what  hydrogen  dioxide  had  failed  to  do ;  and  in 
order  to  determine  whether  these  peroxidised  products  of  electro- 
lysis have  really  a  different  effect  at  the  cathode  and  anode,  we 
completed  the  charging  of  a  pair  of  plates  in  a  divided  cell  filled 
with  20  per  cent,  acid,  and  found  that  the  "  peroxides,**  or 
"  active  oxygen,"  existed  only  round  the  Pb  0^  plate.  We  then 
reversed  the  plates  in  the  compartments,  so  that  the  Pb  plate 
stood  in  the  liquid  containing  the  peroxides  (Hj  Oo,  persulphuric 
acid,  &c.).  One  minute  after  stopping  the  charging  current,  and 
immediately  before  the  reversal  of  the  plates  in  the  cell,  the 
E.M.P.  was  2'185  volts.     After  the  reversal  of  the  plates,  the 
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E.M.F.  was  measured  by  potentiometer  at  intervals,  the  results 
being  given  in  the  following  table : — 


Time  after  Bevenal 
of  Flatea. 

B.M.F.  in  Volts. 

Minntes. 

1 

6 

8 
10 
12 
15 
22 
45 

2-163 
2-081 
2-078 
2-066 
2-063 
2-055 
2-044 
2-031 

There  was  evidently  here  no  unusual  fall  in  the  E.M.F.  The 
figures  are  embodied  in  the  dotted  curve  of  Fig.  1,  and  ou 
comparing  it  with  the  fall  for  18*5  per  cent,  acid  they  will  be 
found  so  similar  as  to  show  that  peroxidised  compounds  round 
the  Pb  plate  had  no  sensible  efifect.  In  each  case  the  voltage 
evidently  fell  very  slowly  to  a  uniform  value,  and  that  value 
agrees  very  fairly  with  what  we  find  for  a  20  per  cent,  acid  in 
Fig.  3,  Through  the  kindness  of  Dr.  H.  Marshall,  we  were  able 
to  test  the  effect  of  adding  some  persulphate  of  potassium  to  the 
sulphuric  acid  in  a  cell  about  the  Pb  0%  plate,  but  without 
visible  effect  on  the  E.M.F.  As  far^  therefore,  as  our  own 
experiments  are  concerned,  the  E.M,F.  appears  to  depend  on 
the  acid  strength  of  the  electrolyte,  and  not  on  the  existence 
or  the  position  of  any  peroxidised  bodies  dissolved  in  it. 


ADDENDUM. 
Although  we  did  not  imdertake  this  inve8tigati<m  with  the 
object  of  improving  secondary  batteries,  there  is  one  suggestion 
we  should  like  to  make — i.€.,  the  desirability  of  promotuig 
diffusion  as  much  as  possible.  We  believe  that  this  is  becoming 
more  and  more  the  practice  among  those  who  make  accumulators. 
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and  the  previous  oonsideratians  fiimiBh  three  reasons  for  such  a 
procedure. 

It  is  well  known  that  the  accumulation  of  stronger  acid  at  the 
lower  part  of  a  cell  during  its  working  is  disadvanti^eons.  Tliis 
is  believed  to  create  differences  of  current-density  in  different 
parts  of  the  plate,  and  we  have  shown  that  it  will  also  give  rise  to 
potential  differences  of  &irly  large  value  on  each  of  the  plates, 
and  thus  produce  local  action  and  the  formation  of  lead  sulphate. 
This  inequality  would  be  dimimshed  if  the  diffusion  of  the  acid 
could  he  promoted* 

The  fall  of  E.M.F.  at  the  close  of  discharge  leaver  a  large 
fraction  of  the  effective  material  not  acted  upon*  This  is  mainly 
due  to  the  weakness  of  the  acid  against  the  plates  on  account  of 
tiie  intentioes  being  so  much  eiogged ;  and  it  would  be  counter- 
acted to  a  considerable  ext^&t  if  the  diffusion  could  be  increased* 

When  a  cell  has  been  discharged  at  below  1*8  volts,  there 
occurs  the  destructive  action  called  "  seeing."  We  are  disposed  to 
attribute  this  to  abnormal  chemical  action  arising  from  the  very 
weak  acid ;  and  if  this  be  true,  increased  diffusion  would  in  this 
case  also  act  as  a  remedy. 

Such  increased  diffusion  might  be  obtained  either  by  agitation 
or  by  heating,  and  we  thought  it  interesting  to  try  the  effect 
of  higher  temperature  on  the  output  of  our  small  cell.  The 
following  curve  (Fig.  9)  exhibits  the  result  of  one  experiment :— 
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The  discharge  curves  at  temperatures  15  or  20  degrees  higher 
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than  the  ordinary,  generally  showed  an  output  some  40  to  50  per 
cent,  greater.  But  it  is  evident  that  the  higher  temperature 
would  increase  local  action  and  the  chemical  action  of  the  acid 
upon  the  spongy  lead.  This  might  be  met  by  a  reduction  in  the 
strength  of  acid,  but  we  have  not  tested  at  what  temperature  and 
with  what  strength  the  advantage  is  at  a  maximum. 

In  addition  to  this  suggestion,  electricians  will  doubtless  be 
able  to  make  other  useful  applications  of  our  conclusion  that 
the  changes  of  E.M.F.  in  a  secondary  battery  depend  on  the 
strength  of  the  acid  that  is  against  the  working  surfiaoes  of 
the  plates. 

The  discussion  was  postponed  until  the  next  meeting. 

The  Pbesioent  announced  that  the  ballot  had  resulted  in  the 
election  of  the  following  candidates : — 

Foreign  Memhers : 
Dr.  R.  Sissingh.  |         T6mas  L.  Taylor. 

Mefmber: 
Conway  Osborne  Grrimshaw. 

c 

Aasodatea: 

Frank  Bryan.  i  Mark  Ruddle. 

Alexander  Hunter  Robinson.  I  Robert  A.  Smith. 

Stvdemts: 
Hubert  Hallam  Bigland.        |  Alfred  R.  Sillar. 

The  meeting  then  adjourned. 


Digitized  by 


Googk 


1891]  DISCUSSION,  4iS 


The  Two  Hundred  and  Thirty-ninth  Ordinary  General  Meeting 
of  the  Institution  was  held  at  the  Institution  of  Civil  Engineers, 
25,  Great  George  Street,  Westminster,  on  Thursday  evening. 
May  19th,  1892— Professor  W.  E.  Ayrton,  F.R.S.,  President, 
in  the  Chair. 

The  minutes  of  the  Ordinary  General  Meeting  held  on  May 
12th  were  read  and  approved. 

The  names  of  new  candidates  for  election  into  the  Institution 
were  announced  and  ordered  to  be  suspended. 

The  following  transfer  was  announced  as  having  been  approved 
by  the  Council,  yiz.  i — 

From  the  class  of  Associates  to  that  of  Members — 
Alexander  Mackenzie  Williams. 

Messrs.  H.  C.  Donovan  and  Paul  Dimier  were  appointed 
sorutineers  of  the  ballot  for  new  members. 

The  following  paper  was  then  discussed : — '^  The  Cause  of  the 
^Gianges  of  Electro-motive  Force  in  Secondary  Batteries,"  by 
Dr.  J.  H.  Gladstone,  F.B.S.,  Member,  and  Walter  Hibbert,  F.I.C., 
Associate. 

Mr.  G.  H.  KoBERTSON :  On  behalf  of  Dr.  H.  E.  Armstrong  and  Mr. 

o  Robertson. 

myself  I  beg  to  o£fer  the  following  remarks : — ^Messrs.  Gladstone 
and  EUbbert's  paper  is  undoubtedly  an  important  contribution  to 
the  discussion  of  a  very  complex  and  difficult  problem ;  but  the 
verdict  on  it,  we  think,  must  be  one  of  "  Non-proven,"  as  we  are 
free  to  admit  is  the  case  as  regards  our  own  recent  attempt  to . 
display  the  inner  workings  of  the  lead-sulphuric-acid  lead  peroxide 
cell.  While  accepting  their  results,  we  must,  at  present,  decline 
to  accept  their  interpretation  of  them ;  indeed,  we  think  we  are 
justified  in  claiming  them  in  support  of  the  explanation  we  have 
advanced  in  our  Royal  Society  papers,  which,  it  would  seem,  the 
anthors  in  a  measure  seek  to  traverse. 
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Mr.  Divested  of  all  details,  their  contention  would  appear  to  be 

that,  practically,  action  is  limited  to  the  occurrence  of  the  series 
of  interchanges  pictttred  by  the  equation, 

Pb  I  SO4  H2  I SO4  H,  I  0  Pb  O 


I   aq-       I  aq.  SO,  H,"" 

aq. 

Pb  SO4  I  H., SO4  I  H,  0  I  Pb   10 

I  aq.  I  |Sa|H,' 

aq. 
and  that  the  E.M.F.  developed  is  directly  a  function   of  the 
cqncentration  of  the  acid.    They  do  not  deny  that  peroxides  are 
formed,  but  appear  to  consider  that  the  part  which  these  play  is 
so  entirely  subordinate  that  it  need  not  be  taken  into  account. 

Variations  in  £»M.F.  firom  about  1-5  to  2'6  volts  have  been 
observed  by  Messrs.  Gladstone  and  Hibbert,  according  as  the 
plates  (sometimes  both,  sometimes  only  one)  were  in  a  liquid 
containing  but  a  trace,  or  consisting  all  but  entirely,  of 
sulphuric  acid. 

The  decision  must  turn  on  the  question,  Are  these  values 
pure  or  impure  values  ?  Is  the  variation  due  to  the  influence  of 
varying  amounts  of  water,  present  in  acids  of  different  strengths, 
on  the  energy  developed  in  the  formation  of  lead  sulphate,  as  the 
authors  appear  to  assume  it  is?  or  are  the  values  throoghoot 
impure  in  consequence  of  the  operation  of  *^  polarisation  "  effects 
to  an  extent  which  varies  with  the  concentration  of  the  acid? 

It  is  almost  inconceivable  to  us  that  variation  in  concentra- 
tion should  produce  an  effect  such  as  is  observed,  if  the  ch^nical 
action  consist  merely  in  the  direct  formation  of  lead  sulphate 
from  acids  of  varying  strength. 

Messrs.  Gladstone  and  Hibbert  make  no  reference  to  the 
observations  of  Messrs.  Duncan  and  Wiegand,  confimied  by 
Professor  Ayrton  and  his  coadjutors,  that  the  acid  cools  during 
discharge  to  a  marked  extent,  which  appears  to  us  to  have  a  most 
important  bearing  on  the  question  at  issue.  We  are  at  a  loss  to 
understand  how  they  will  explain  this.  It  appears  difficult  at 
present  to  attribute  this  to  any  other  cause  than  diaaoeiation 
consequent   on   the    withdrawal    fiom.   the  solution    eith^   of 
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molecules  of  sulplmric  acid  itself,  or  of  molecules  which  are  ^^ 
hydrat«d  to  but  a  slight  extent.  In  other  words,  we  think  it 
probable  that  the  formation  of  lead  sulphate  takes  place,  not  at 
the  expense  of  the  acid  of  the  concentration  in  contact  with  the 
material  undergoing  change  into  sulphate,  but  at  the  expense  of 
free  molecules  of  Hj  SO4  present  in  the  acid  liquid,  whose  with- 
drawal conditions  the  appearance  of  a  fresh  supply,  the  separation 
of  which  from  their  association  with  water  molecules  necessarily 
involves  cooling.  We  question  whether  lead  sulphate  is  formed 
except  by  the  agency  either  of  sulphuric  acid  itself,  or  of  its 
simplest  hydrates. 

In  the  next  place,  it  is  a  highly  noteworthy  circumstance  that, 
according  to  Professor  0.  J.  Lodge  {The  Engimeery  vol.  liv.,  p.  30), 
not  only  is  a  certain  strength  of  acid  requisite  for  the  formation 
of  peroxide  of  lead,  but  also  a  certain  E.M.F.  is  required.  More- 
over, visible  evolution  of  oxygen  attends  its  formation.  As  the 
electrolysis  of  sulphuric  acid  is  always,  it  would  seem,  accom- 
panied by  the  formation  of  peroxides,  unless  the  acid  be  extremely 
dilute,  it  appears  probable  that  there  is  a  connection  between  the 
formation  of  the  peroxide  of  lead  on  the  plate  and  that  of  the 
peroxides  in  the  acid,  and,  indeed,  that  they  are  inseparable. 
The  dissolved  peroxides  appear  to  continually  undergo  spontaneous 
destruction,  and  therefore  the  amount  present  at  any  time  affords 
no  clue  as  to  the  amount  actually  produced. 

Moreover,  McLeod's  experiments,  published  in  1886  {Jomr. 
Ghem.  Soc,  1886,  p.  591),  on  the  electrolysis  of  solutions  of 
finlphuric  acid  of  different  strengths,  show  that  the  amount  of 
**  peroxide  "in  solution  rapidly  increases  as  the  concentration  is 
increased  until  a  relative  density  of  1*25  is  reached,  after  which 
it  diminishes :  whether  this  be  due  to  a  difference  in  the  amount 
formed,  or  to  a  difference  in  the  stability  in  the  case  of  different 
-acids,  it  is  at  present  impossible  to  say. 

P.  Richarz  (Ann.  Phye.  Ghem.  (2),  183-209)  confirms  these 
results,  and  agrees  that  the  products  of  electrolysis  vary  with 
the  strength  of  acid  employed.  According  to  this  observer,  in 
the  case  of  acid  containing  10  to  20  per  cent.  Hj  SO4  the  pro- 
portion of  oxygen  as  persulphuric  acid  is  small,  and  no  hydrogen 


Digitized  by 


Googk 


446  CAUSE  OF  THE  CHANGES,  Etc.  [Mav  19ih, 

Mr.  peroxide  is  formed ;  with  an  add  contpaining  20  to  40  per  cent, 

the  proportion  as  persulphuric  acid  increases;  while  with  acids 
containing  40  to  90  per  cent,  the  proportion  of  oxygen  as 
persulphuric  acid  decreases,  whilst  that  of  hydrogen  dioxide 
increases. 

The  same  author  has  also  shown  {ZeiL  Physikal.  Cheni.  (4), 
18-30)  that  the  E.M.F.  corresponding  to  the  formation  of  per- 
sulphuric acid  is  0*57  volt. 

Dr.  Gladstone  has  had  the  kindness  to  inform  one  of  us 
that— 

"1.  In  every  instance,  after  charging  the  plates  we  immersed 
"  them  in  a  fairly  large  quantity  of  dilute  add,  and  allowed  them 
"  to  remain  about  a  couple  of  hours  for  diffusion ;  sometimes 
''  another  washing  in  a  second  acid  followed. 

"  2.  The  plates  were  used  *  straight  on.'  There  was  no 
"  recharging  between  the  reading  in  one  acid  and  the  reading 
"  in  the  next." 

Judging  from  the  great  difficulty  which  was  experienced  in 
freeing  plugs  taken  for  analysis  from  acid  (cf.  this  Journal,  vol.  xix,, 
p.  663),  the  treatment  described  would  scarcely  suffice  to  eliminate 
"  peroxides*'  formed  during  the  previous  charge.  As  Dr.  Gladstone 
also  says  that  there  was  no  recharging,  we  think  there  can  be  no 
question  that  pure  sulphuric  acid  solutions  cannot  have  been 
dealt  with,  and  that  "peroxides"  were  necessarily  included  in 
the  measurements^  and  to  an  extent  which  varied  with  the 
strength  of  add  used. 

Two  series  of  experiments  are  described  by  the  authors  in 
which  the  E.M.F.  developed,  on  the  one  hand  between  two  lead 
plates,  and  on  the  other  between  two  peroxides  plates,  in  acids  of 
diflferent  strengths,  is  measured.  They  appear  to  regard  these 
results  as  very  important,  as  they  go  so  far  as  to  draw  conclusions 
from  a  curve  obtained  by  integrating  the  two  sets  of  observations. 
If  the  origin  of  the  E.M.F.  measured  in  the  two  cases  be  con- 
sidered, it  appears  to  us  that  no  real  weight  can  be  assigned  to 
the  results,  in  the  discussion  of  the  question  at  issue  {ue ,  whether 
variation  in  the  dilution  of  sulphuric  acid  aflfects  the  energy 
developed  in  the  formation  of  lead  sulphate). 
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In  the  case  of  lead,  the  action  muat  be  complicated  by  the  Mr. 

'  r-  J  Robertson, 

effect  of  dissolved  atmospheric  oxygen.  We  imagine  that  it  is 
impossible  for  a  current  to  arise  between  pure  peroxide  plates  in 
pure  sulphuric  acid,  concentrated  or  dilute.  We  presume,  how- 
ever, that  the  peroxide  plates  were  backed  with  lead,  in  which 
ease  there  would  be  no  difficulty  in  understanding  the  result ; 
and  also  that  although  of  two  lead  plates  that  in  the  weaker  acid 
behaved  like  a  peroxide  of  le€wi  plate,  of  two  p&i^oodde  plates  that 
in  the  weaker  acid  behaved  as  a  lead  plate.  The  stronger  acid 
would  act  more  powerfully  on  lead,  and  therefore  the  plate  in  the 
stronger  acid  would  be  attacked ;  but  in  the  case  of  peroxide  on 
lead  supports,  local  action  would  set  in  and  be  at  a  maximum  in 
the  stronger  acid,  and  therefore  the  lead  plate  of  this  couple  would 
be  more  protected,  and  the  support  opposite  would  be  more  active 
against  the  peroxide  of  this- plate. 

Our  view  that  the  support  is  capable  of  coming  into  action  is 
confirmed  by  the  fact  that  the  highest  reading  of  E.M.F.  obtained 
by  Messrs.  Gladstone  and  Hibbert  was  observed  with  a  plate  which 
had  been  dried  at  100^  C.  and  then  steeped  in  strong  acid,  and  in 
which,  therefore,  there  was  the  densest  layer  of  protecting  lead 
sulphate,  the  presence  of  which  Messrs.  Gladstone  and  Tribe  have 
shown  renders  it  possible  to  support  peroxide  of  lead  on  a  lead  plate. 
The  values  obtained  were  therefore,  we  venture  to  think,  what 
we  have  termed  impure  values ;  i.e.,  they  correspond  to  no  simple 
effect. 

With  regard  to  the  experiments  described  as  undertaken  for 
the  puri)08e  of  ascertaining  the  effect  of  the  presence  of  some 
form  of  "active  oxygen,"  Mr.  Bobertson  would  point  out  that 
(doubtless  for  the  reasons  given  in  their  paper)  Messrs.  Gladstone 
and  Hibbert  did  not  follow  his  procedure  in  making  the 
experiments.  In  the  original  exi)eriments  on  the  subject  of  the 
effect  of  Hg  Ot  on  a  peroxide  of  lead-lead  couple,  the  plates  had  not 
been  formed  by  electrical  action,  as  in  the  experiment  described 
by  Messrs.  Gladstone  and  Ilibbert;  and  in  the  case  of  the 
experiment  of  transferring  the  plates,  not  only  must  the  acid  next 
the  lead  plate  be  free  from  peroxides,  but  the  plate  must  not 
be  much  formed,  or  the  si)ongy  material  has  sufficient  power  of 
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reducing  the  peroxides  to  prevent  the  experiment  being  suocess- 
fuL  In  the  case  of  a  well-formed  cell,  the  addition  of  a  little 
more  "  active  oxygen ''  to  that  already  present  in  the  electrolyte 
has  very  little  effect. 

With  regard  to  the  effect  of  heating  the  cell,  to  which 
reference  is  made  in  the  addendum,  it  may  be  mentioned  that 
this  has  already  been  made  the  subject  of  a  x>&t^iit.  Messrs. 
Crova  and  Garbe,  moreover,  have  pointed  out  the  unsuitability  of 
thick  plates  for  a  high  rate  of  discharge!  {Compt.  Rend.^  vol.  ci., 
pp.  240-243). 

The  benefit  arising  from  heating  is  perhaps  due  rather  to  the 
well-known  effect  which  rise  in  temperature  has  in  lessening 
polarisation  in  the  electrolysis  of  sulphuric  acid  solutions  (S.  P. 
Thompson,  Jour.  Soc.  Arts,  vol.  xxx.,  p.  35)  (which  has  been 
ascribed  to  the  difference  in  the  products  at  different  tem- 
peratures), than  to  the  circulation  produced.  This  has  been 
rendered  probable,  we  think,  by  Mr.  Crompton's  experience  {The 
Electrician,  vol.  xxvi.,  p.  263)  that  during  cold  weather  the 
-efficiency  of  his  batteries  fell  to  66  per  cent.,  and  rose  at  once 
to  79  "per  cent,  on  providing  means  for  maintaining  a  higher 
uniform  teiAperature. 

In  our  Koyal  Society  paper,  after  stating  **that  in  all 
"  probability  sulphuric  acid  (Hg  SO4),  and  not  the  dilute  acid 
**  contained  in  the  cell,  is  operative  throughout,"  we  said  that 
^^  on  the  assumption  that  sulphating  occurs  at  both  plates  in 
**  circuit,  and  under  the  influence  of  H,  SO4,  the  calculated  value 
"  is  considerably  too  high — ^that  is,  compared  with  observed 
"  working  values — ^while,  if  sulphating  occurs  only  at  the  lead 
"  plate,  the  value  calculated  is  far  too  low." 

But  we  further  added  "  that  a  counter  E.M.F.  of  about  0*5 
•**  volt  [this  was  intended  as  a  mere  approximation]  would  aecomit 
"  for  the  observed  departures  from  the  highest  calculated  value. 
**  As  peroxides  are  always  present  in  the  electrolyte,  it  is 
•**  conceivable  that  such  a  counter  E.M.F.  may  exist ;  moreover, 
^'  there  is  the  possible  influence  of  the  lead  support  to  be 
-•*  considered.*' 

Further  conoderation  of  the  matter  has  since  led  us  more  and 
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more  to  favour  the  view  that  a  considerable  counter  E.M.F.  is  Mr. 

Robertson 

operative  throughout  discharge,  which  is  conditionedi  by  the 
**  peroxide  "  in  solution  at  the  lead  peroxide  plate.  Its  presence 
cannot  be  denied,  and  if  present,  it  would  seem  that  it  must  be 
operative. 

The  explanation  that  we  should  give  of  the  variations  observed 
by  the  authors  will  be  obvious  from  these  remarks. 

But  the  importance  which  we  attach  to  "  peroxidation "  will 
be  made  still  more  obvious  if  we  call  attention  to  what  we  regard 
as  the  probable  primary  change  during  charge.  In  our  Boyal 
Society  paper,  after  stating  that  "  the  properties  of  lead  sulphate 
*'  are  such  that  the  chemist  must  necessarily  hesitate  to  accept 
**  the  conclusion  that  it  directly  undergoes  oxidation,"  we  said, "  it 
"  appears  to  us  probable  that,  either  by  the  direct  addition  of 
"  SO4,  or  by  the  electrolysis  of  acid  sulphate,  the  lead  sulphate  is 
"  converted  into  persulphate,  which  interacts  with  water,  affording 
^  lead  peroxide  and  sulphuric  acid." 

We  may  represent  the  change  during  charge  in  the  following 
manner,  assuming  that  add  sulphate  is  present  at  both  plates : — 


SO4 


H,S04 


Pb; 


andthen  ^^  ^g;  +  J^g  =  Pb  0,  4- g^  SO, 

It  is  conceivable,  however,  that  the  peroxide  is  formed 
directly,  and  that  persulphate  is  but  potentially  present. 

The  formation  of  persulphuric  acid  during  both  cHarge  and 
discharge  may,  at  least  in  part,  be  due  to  a  secondary  interaction 
of  lead  persulphate  and  sulphuric  acid — 

H,  SO,  +  Pb  12*  =  H,  (SOO2  +  Pb  SO,; 

the  formation  of  persulphate  at  the  lead  plate  during  discharge 
being,  in  like  manner,  possibly  due  to  oxidation  of  acid  sulphate. 

We  append  these  remarks  especially  with  the  object  of 
emphasising  our  opinion  that  our  knowledge  of  the  chemistry  of 
ihe  cell  under  discussion  is  as  yet  far  from  complete. 

Mr.  R.  E.  Cromptow:   Dr.   Crladstone's  paper,  as  a  further  Mr. 
contribution  to  our  stock  of  knowledge  of  accumulators,  is  of 
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great  value.  He  has  touched  upon  eertam  points  of  "which  I 
had  previously  a  general  knowledge,  but  which  neither  Mr. 
Howell  or  myself  had  worked  out  quantitively,  as  the  author  has 
done  in  his  pai)er.  So  clearly  did  Mr.  Howell  and  myself  see  how 
important  it  was  that  means  should  be  provided  to  prevent  the 
electrolyte  becoming  of  unequal  density,  whether  through  the 
action  of  charge  or  discharge,  that  we,  six  years  ago,  took  out  a 
patent  for  various  methods  of  introducing  artificial  means  of 
circulation,  so  as  to  equalise  the  strength  of  the  electrolyte 
throughout  the  celL  Although  we  found  that  the  use  of 'such 
artificial  agitation  was  hardly  practicable  in  secondary  cells  of 
ordinary  size,  yet  we  did  then  note  and  put  into  practical  use 
electrolyte  of  the  density  mentioned  in  page  10.  It  is  there 
shown  that  dilute  sulphuric  acid,  containing  30  per  cent,  of  add, 
and  answering  to  a  specific  gravity  of  about  1,245  to  1,255, 
has  a  lower  electrical  resistance  than  electrolyte  of  higher  or 
lower  density  and  specific  gravity.  We  have  during  the  past 
six  years  utilised  this  fact  in  order  to  make  the  electrolyte  self- 
regulating  and  self-circulating.  It  will  be  easily  understood 
that  any  increase  or  decrease  of  specific  gravity  above  the  normal, 
having  the  selfsame  effect  of  increasing  the  resistance  of  the 
electrolyte,  produces  a  self-regulating  effect,  as  it  prevents  the 
action  being  intensified  or  weakened  by  the  corresponding 
concentration  or  weakening  of  the  electrolyte  at  the  same 
points. 

Although  I  feel,  personally,  grateful  for  Dr.  Gladstone's  paper, 
yet  I  do  not  wish  to  accept  his  results  as  fully  proved  until  they 
have  been  borne  out  by  further  experiments  carried  out  on  a 
larger  scale.  Mr.  Howell,  Mr.  Claus,  and  myself  have  been 
working  for  so  many  years  at  the  subject,  that  we  know  too  well 
how  contradictory  are  the  results,  and  how  impossible  it  is  to  lay 
down  any  laws  on  those  obtained  from  experiments  on  small  cells. 
For  this  reason  I  am  one  of  those  who  believe  that  no  quantitive 
experiments  are  of  substantial  value  until  they  have  extended 
over  some  years.  During  the  seven  years  we  have  been  working 
on  this  subject,  we  have  determined  some  facts  with  reasonable 
certainty,  and  on  them  we  have  based  our  rules  for  the  manage- 
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ment  of  accumulators,  which  it  is  now  generally  known  have  been  Mr. 

Croniptoii. 

very  successful.  One  point  we  have  determined  with  considerable 
accuracy  is  the  space  that  ought  to  be  occupied  by  the  electrolyte 
between  the  plates  in  order  to  obtain  the  advantages  of 
natural  circulation.  If  we  state  that  the  space  occupied  by  the 
plates  themselves,  without  taking  into  account  their  porosity,  is 
100  cubic  centimetres,  then  the  space  that  should  be  occupied  by 
the  electrolyte  immediately  between  them  should  be  about  225 
cubic  centimetres. 

Another  point  that  we  have  determined  has  been  the  degree 
of  porosity  we  could  safely  allow  in  the  material  of  which  the 
plates  are  made,  so  that  we  might,  on  the  one  hand,  obtain  the 
advantage  of  each  individual  crystal  of  which  the  plates  are  com- 
l)osed  being  freely  bathed  by  the  electrolyte,  and,  on  the  other 
hand,  avoid  the  difficulty  of  making  the  plates  too  weak  from  a 
mechanical  point  of  view ;  as  it  is  evident  that  as  we  increase'  the 
[wrosity  by  increasing  the  size  of  the  crystals,  so  do  we  weaken 
the  plates  mechanically,  so  that  they  are  liable  to  be  damaged  in 
handling  or  from  other  mechanical  causes.  This  shows  that  the 
weaker  the  plates  are  mechanically,  through  excessive  porosity, 
the  better  they  are  from  Dr.  Gladstone's  point  of  view,  as  giving 
greater  facility  for  equalising  the  density  of  the  electrolyte,  and 
hence  maintaining  the  E.M.F. 

Another  point  I  wish  to  introduce  is,  how  little  is  known  by 
the  world  generally  on  the  subject  of  how  much  the  E.M.F.  of  a 
ceU  measured  on  open  circuit  varies  with  the  strength  of  the 
electrolyte.  At  a  recent  trial,  several  scientific  witnesses  appeared 
to  consider  that  the  fact  that  a  certain  cell  measured  on  open 
circuit  gave  2*08  volts,  showed  that  it  was  nearly  fully  charged ; 
whereas  the  fact  was  that  this  E.M.F. — higher  than  that  to  which 
they  were  accustomed — was  due  simply  to  the  use  of  electrolyte 
of  greater  strength  than  that  to  which  they  were  used  to  work 
with. 

With  reference  to  the  point  raised  by  Dr.  Gladstone,  at  what 
[joint  of  density  the  electrolyte  is  liable  to  attack  the  delicate 
crystals  of  spongy  lead  on  the  negative  plates  even  on  open 
circuit,  we   believe  we  have   determined  thi^  as  follows: — ^At 
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Mr.  ordinary  working  temperatures — ^that  is  to  say,  under  75  degrees 

Fah. — we  find  the  plates  are  not  so  attacked  so  long  as  the 
electrolyte  does  not  exceed  a  density  of  1,260, 

I  am  anxious  to  know  if  Dr.  Gladstone,  in  his  reply^  can 
account  for  the  very  curious  fact  we  have  always  observed,  that 
whenever  our  own  form  of  accumulator  cells  are  discharged  at 
a  rapid  rate,  after  the  first  rapid  fall  of  P.D.,  on  commencement 
of  discharge  the  P.D.  again  rises  somewhat  as  follows : — ^Say  the 
fall  is  from  2*08  down  to  2'01,  there  will  be  a  subsequent  rise  to 
2*03,  followed  by  a  gradual  fall.  I  think  this  phenomenon  is 
almost  invariably  noticed. 

I  wish  to  call  attention  to  a  foreign  contribution  to  this 
subject  which  ought  to  be  read  attentively  by  those  who  are 
studying  this  matter— that  is,  a  paper  contributed  to  the 
Mectrotechnische  ZeUachrift  of  January  8th  of  this  year  by 
Dr.  Kriigel,  in  which  he  points  out  the  cause  of  that  bag- 
bear  to  all  accumulator  users,  namely,  the  self-discharge  of  the 
negative  plates  when  on  open  circuit.  Dr.  Krugel's  experi- 
ments appear  to  have  been  carried  out  on  a  very  large  scale^ 
and  I  think  he  has  proved  his  case  in  attributing  this  self- 
discharge  entirely  to  the  metallic  impurities  originally  present 
in  the  sulphuric  acid  used  for  the  electrolyte.  I  think  that  the 
reason  why  we  English  users  have  failed  to  discover  this  in  the 
past  has  been  that  we  have  never  analysed  our  electroljrte  in  order 
to  discover  these  impurities  at  the  right  time  of  disduuge*  I 
believe  that  up  to  a  very  late  period  of  the  discharge  the  greater 
portion  of  these  metallic  impurities  remain  deposited  on  the 
negative  plates,  and  it  is  only  at  a  particular  moment — ^practically 
that  of  the  commencing  of  reversal — that  it  is  possiUe  to  get  them 
again  into  solution  and  so  detect  or  remove  them.  The  im- 
portance of  preventing  such  self-discharge  is  very  great ;  I  beUeve 
it  is  one  of  the  principal  causes  of  the  occasional  troubles  which 
private  users  of  accumulators  experience.  Negative  plates  in  a 
few  of  the  cells  suffer  from  this  defect,  and  as  a  result  the  nsers 
find  that  they  cannot  discharge  their  battery  to  anything  near  its 
capacity  without  the  danger  of  reversing  the  cells  containing 
these  plates.    The  reversals  that  do  take  place  with  these  cells  is 
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the  principal  cause  of  the  sulphation  and  destruction   of  the  Mr. 
positive  plates  in  the  same  cells.  ^      "* 

Mr.  E.  Wythe  Smith  :  A  simple  theory,  such  as  Dr.  Gladstone  Mr.  wythe 
and  Mr.  Hibbert  put  before  us,  to  explain  what  appear  to  be 
complicated  phenomena,  has  such  a  fascination,  that  one  hesitates 
in  differing  from  it.  But  as  the  authors  themselves  start  by 
taking  certain  modifications  produced  by  alterations  in  density, 
we  can  go  a  little  further.  The  first  point  which  I  wish  to 
vpeak  on  is :  In  our  Edinburgh  paper  we  called  attention  to  the 
&ct  that  after  the  cells  have  rested  charged,  the  potential 
difference  rises  during  the  conmiencement  of  discharge.  Not 
only  does  it  rise  the  first  time,,  but,  after  charging  up  again,  a 
similar  effect  in  the  next  discharge  is  noticed,  but  to  a  less  extent. 
The  normal  discharge  curve  has  the  shape  a  h  (see  figure).    After 


Ume 


rest,  the  first  discharge  curve  is  of  the  shape  o  d;  the  next 
discharge  is  of  a  shape  between  the  two,  showing  that  the  rest 
affects  more  than  the  first  discharge. 

With  regard  to  the  decay  of  the  positive  grid :  This,  I  think, 
is  not  due  to  the  formation  of  the  sub-sulphate  that  the  authors 
mention ;  but  one  must  look  to  the  negative  plate  to  discover  the 
cause.  The  effect  of  rest,  we  showed,  was  the  same  as  would  be 
produced  by  removing  part  of  the  lead  plate  firom  the  battery, 
and  so  diminishing  its  capacity,  the  lead  lead  plate  having 
snlphated  owing  to  local  action.  Now,  in  practice,  to  get  rid  of 
this  sulphate  one  has  to  overcharge  the  cells  considerably  and 
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Mr.  Wythe  continually.  This  continual  overcharge  of  the  positive  plates 
bites  further  and  further  into  the  grid,  and  slowly  turns  the  grid 
into  peroxide,  as  in  a  Plants  cell. 

If,  as  Dr.  Gladstone  and  Mr.  Hibbert  point  out,  there  is  a 
considerable  amount  of  local  action  on  the  positive  grid  at  the 
end  of  charge  during  rest,  should  there  not  be  a  great  deal  more 
during  charge  itself,  when  the  sulphuric  acid  is  of  great  density, 
the  grid  with  the  plugs  forming  a  short-circuited  battery  ? 

On  page  417  the  authors  say  :  "  The  rate  of  weakening  of  the 
**  acid  is  a  constantly  increasing  one,  and  may  finally  become  so 
**  rapid  that  the  acid  strength  of  the  liquid  against  the  working 
"  surfaces  is  very  low  or  almost  nil.    In  such  a  case  we  may 
^  expect  the  formation  of  "  a  substance  which  gives  the  analysis, 
2  Pb  SO4 .  Pb  0.     Now,  if  the  discharge  is  carried  beyond  this 
point  continually,  discharge  after  discharge,  a  certain  amoimt  of 
mud  comes  from  the  positive  plates  and  settles  at  the  bottom 
of  the  cells.     One  would  expect  that,  from  what  the  authors  say, 
this  matter  consists  of  the  basic  compound  just  mentioned.    We 
tried  the  experiment,  and  collected  the  mud,  but,  upon  analysing, 
we  found  that  it  did  not  consist  of  2  Pb  SO4 .  Pb  0,  but  might 
be  represented  thus :  Pb  Og .  Pb  SO4 — one  molecule  of  peroxide  to 
one  molecule  of  ordinary  sulphate.    It  is  interesting  to  note  that 
this  very  nearly  agrees  with  the  analysis  of  the  positive  plugs  at 
the  end  of  discharge ;  and  that  in  itself  will  account  for  the  fact 
that  we  have  to  use  a  much  larger  positive  plate  than  one  would 
expect  from  electro-chemical  data.     Because,  when  the  positive 
plate  is  discharged  to  this  formula,  the  peroxide  will  no  longer 
hold  together,  but  will  drop  out  of  the  plates. 

Local  action  takes  place  at  the  end  of  discharge,  when  the 
acid  is  weak,  much  more  rapidly  than  at  the  end  of  a  charge, 
when  the  acid  is  strong,  and  also  takes  place  in  a  different 
planner.  Local  action  at  the  end  of  a  discharge,  if  the  cell  is 
allowed  to  rest  aftier  discharging,  has  the-  effect  of  increasing 
the  time  of  the  next  charge ;  allowing  the  cell  to  rest  charged 
apparently  diminishes  the  capacity  of  the  negative  plates 
only. 

Dr.  Gladstone  and  Mr.  Hibbert  mention  the  feet  that,  on 
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calculating  the  E.M.F.  from  thermo-chemical  data,  they  did  not  Mr.  wytho 
get  results  which  agreed  with  their  experiments.  Now,  we 
showed,  as  Professor  Duncan  and  Mr.  Swinburne  have  also 
concluded,  that  there  is  a  distinct  cooling  of  the  cell  during 
discharge,  from  which  it  appears  that  the  energy  requirjsd  to 
separate  the  sulphuric  acid  from  the  solution  is  taken  from  the 
cell  in  the  form  of  heat.  Now,  if  this  is  the  case,  the  authors 
should  find  by  experiment  the  E.M.F.  to  be  somewhat  higher 
than  calculated  according  to  their  theory.  I  should  like  to  ask  if 
this  is  not  the  case. 

Professor  Duncan  found  that  the  rate  of  diffusion  of  the  acid 
into  the  plugs  of  discharged  plates  was  less  than  one-half  that  of 
fully  charged  plates.  If,  as  the  authors  say,  the  alteration  in  the 
E.M.F.  is  caused  by  change  of  density  of  the  acid  in  the  plugs, 
then,  after  breaking  the  circuit  at  the  end  of  a  discharge,  the 
E.M.F.  should  rise  at  only  one-half  the  rate  at  which  it  fells  after 
breaking  the  circuit  towards  the  end  of  charge.  But  this  is  not 
the  case.  In  the  two  instances  the  rate  of  variation  of  the 
E.M.F.  is  almost  identical,  and  if  the  discharge  be  continued 
until  the  P.D.  is  less  than  1-8  volts,  then  the  rise  of  E.M.F. 
after  breaking  the  circuit  is  very  rapid  indeed.  From  this  it 
appears  that  there  are  actions  beside  those  which  the  authors 
mention. 

Nearly  two  yeajs  ago,  we  had  special  plates  constructed  to 
enable  us  to  see  the  effect  of  very  rapidly  changing  the  density  of 
the  acid  in  the  pores  of  the  plugs,  but  we  have  not  yet  had  the 
opportunity  of  finishing  the  investigation.  I  mention  this  to 
show  that  we  agree  with  Dr.  Gladstone  and  Mr.  Hibbert  in 
thinking  that  the  variations  of  the  strength  of  the  acid  play  a 
very  important  part  in  the  actions  of  an  accumulator,  although 
we  anticipate  that  all  the  phenomena  are  not  directly  accounted 
for  by  such  variations. 

Mr.  J.  Swinburne:  With  regard  to  one  or  two  points  iniir.- 

or  Swinbumt. 

Messrs.  Gladstone  and  Hibbert's  valuable  paper,  I  will  ask  pardon 
for  introducing  a  little  personal  history.  The  effect  of  the 
Uberation  of  acid  at  the  plates  or  in  the  coatings  was  indicated  by 
me  as  a  cause  of  variation  of  electro-motive  force  as  early  as 
VOL.  xxt.  31 
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swinboroe.  1883/  The  effect  of  impurities  in  cansing  local  action,  whose 
discovery  Mr.  Crompton  credits  to  an  eminent  German,  was  aLso 
pointed  out  by  me.f  As  to  what  Dr.  Gladstone  calls  Sir  William 
Thomson's  law,  I  fear  there  is  some  confusion.  As  pointed  out  by 
Helmholtz,  the  electro-motive  force  of  a  cell  does  not  correspond 
with  the  heats  of  formation  unless  the  temperature  coeiBcient  is 
zero.  This  cannot  be  too  much  insisted  upon,  as  heats  of 
formation  are  used  in  the  most  reckless  way.  I  pointed  out  in 
1887  that  a  secondary  cell  ought  to  cool  if  discharged  at  a 
reasonable  rate.  This  has  been,  I  believe,  verified  by  Professor 
Ayrton  and  his  colleagues. 
Mr.  Diniier.  Mr.  Paul  Dlmier  :  With  regard  to  the  high  E.M.F.  occasionally 
obtained  from  secondary  batteries  of  different  forms  and  under 
varying  circumstances,  the  following  results  were  obtained  by 
me  about  three  years  ago  while  carrying  out  a  long  series  of 
experiments  with  a  form  of  battery,  of  American  origin,  I  believe, 
and  known  as  the  Woodward  accumulator. 

A  particular  feature  of  this  battery  is  the  formation  of  its 
plates.  These  are  made  up  of  honeycombed  lead  castings,  pro- 
duced by  mixing  soft  lead  with  powdered  crystals  of  common  salt 
and  casting  the  mixture  in  a  mould.  When  the  plates  are  oold, 
they  are  dipped  in  water  and  washed  tmtil  all  the  salt  crystals 
have  been  dissolved,  leaving  a  porous  mass  of  lead  with  a  large 
number  of  interstices  into  which  the  ordinary  paste  can  be  forced. 
The  active  surfsu^  of  the  plates  is  by  this  process  somewhat  in- 
creased, and  owing  to  the  cavernous  forms  of  the  holed  the  paste 
is  well  retained  when  once  pressed  in. 

A  result  which  I  thought  somewhat  unusual  at  the  time,  was 
the  high  charging  E.M.F.  per  cell  as  compared  to  the  ordinaiy 
E.P.S.  cells,  for  whereas  in  the  latter  form  of  battery  a  maxininm 
is  reached  at  2*6  volts,  with  the  Woodward  cells  the  effervescent 
or  milky  state  was  reached  with  an  E.M.F*  of  2*7  volts  per  ceU  at 
an  average  density  of  acid  =  1,185,  and  when  charging  was 
stopped  the  E.M.F.  remained  steady,  at  first,  at  2*1  to  2-15  volts 
per  cell. 

♦  *•  Practical  Electrical  Units."    Spon,  1883. 

t  ''  Some  Experiments  on  Secondary  Celll,"  Journal ^  December,  1886. 
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In  order  to  avoid   any  error  of  reading  due  to  the  volt-  Mr  Dimier. 
meter,  it  was  calibrated  against  a  Clark  standard  cell,  and  found 
correct. 

Xow  it  appears  to  me  that  such  a  high  counter  E.M.F.  must 
have  been  due  to  the  particular  formation  of  the  plates,  and  may 
be  explained  according  to  the  theory  expressed  in  Dr.  Gladstone's 
paper  as  regards  the  concentration  of  Ha  SO4  at  the  interstices  of 
the  plates;  for  inasmuch  as  in  these  plates  the  paste  was  dis- 
tributed into  the  inner  substance  of  the  lead,  diffusion  of  acid 
would  be  more  impeded  than  in  plates  of  the  E.P.S.  battery  type, 
and  consequently  the  density  of  acid  collected  at  the  pores  of  the 
plates  would  increase  to  a  greater  extent  and  produce  the  observed 
high  counter  E.M.F.,  while  the  density  of  the  intermediate  acid 
remained  normal. 

With  regard  to  the  relation  between  specific  gravity  of  acid 
and  the  energy  of  charge  or  discharge  expended,  I  found,  on 
plotting  curves  of  the  latter,  that  these  were  approximately  straight 
lines  for  certain  ranges  of  specific  gravity  at  the  ordinary  Working 
currents^  and  that  from  such  relations  the  state  of  the  cells  during 
charge  or  discharge  could  be  determined  for  different  values  of 
the  specific  gravity. 

For  example,  in  these  Woodward  cells,  the  &11  of  specific 
gravity  for  current  discharges  varying  from  5  to  28  amperes  was 
found  to  be  nearly  proportional  to  the  energy  of  discharge — i.6«, 
an  average  of  1  degree  fall  for  every  4*75  ampere-hours,  or  for 
every  9*4  watt-hours,  taken  out. 

A  correct  estimate  of  the  commercial  efficiency  of  a  storage 
battery  can  be  obtained  by  comparing  the  total  energy  of  dis- 
charge, over  a  given  working  range  of  specific  gravity,  with  the 
energy  that  has  to  be  expended  in  charging  the  battery  up  to 
the  initial  value  of  the  specific  gravity  before  the  discharge  was 
ooxnmenced. 

Thus,  if  the  specific  gravity  of  a  cell  falls  from  1,188  to  1,134 
while  a  discharge  of  254  ampere-hours,  or  503  watt-hours,  is  taken 
from  it,  and  it  requires  a  charging  energy  of  651  watt-hours 
to  raise  the  specific  gravity  from  1,134  to  1,188,  wh^i  the  cell  is 
supposed  to  be  ready  for  another  discharge, — then,  under  these 
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Mr.  Dimier  circumstances,  the  ratio  of  603  to  651,  or  77  per  cent.,  represents 
the  commercial  efficiency  of  the  cell. 

The  following  are  some  details  of  the  Woodward  15  M  cells 
referred  to  above : — 

Capacity  s=  240  ampere-hours. 

Discharge  current  =  1-25  amperes.    Mean  internal  resist- 
ance =  l-140th  ohm. 

Number  of  plates  =  15.     Size  =  7J  in.  x  7|  in.  x  J  in. 
Distance  apart  =  5-16th  in. 

Total  weight  of  cell  =  98  lbs. 
„  „  „  plates  =  614  lbs. 
Mr.  Hibbert  Mr.  W.  HiBfiERT :  In  the  paper,  the  section  which  deals  with 
the  relation  of  thermo-chemical  values  and  the  E.M.F.'s  that 
correspond  to  them  is  professedly  abbreviated.  It  is  intimated 
that  the  matter  will  be  postponed  for  further  consideration.  But 
it  is  shown  that  where  the  conditions  are  sufficiently  simple — 
that  is,  at  the  two  ends  of  the  curve — the  calculated  values 
agree  with  observation.  At  the  top  of  the  curve,  when  the 
plates  are  in  pure  H,  SO4,  the  calculated  value  is  something  like 
2'62  volts,  whilst  the  observed  value  is  2*607 — a  discrepancy  of  not 
more  than  l-50th  of  a  volt.  Considering  the  difficulty  of  getting 
the  plates  really  permeated  with  acid  of  the  strength  supposed 
to  be  there,  that  was  an  exceedingly  good  agreement. 

It  was  because  of  the  statedly  imperfect  nature  of  the  con* 
sideration  we  gave  to  this  relationship  that  no  reference  was  made 
to  the  cooling  during  discharge,  as  shown  by  Messrs.  Duncan  and 
Wiegand,  and  also  by  Professor  Ayrton  and  his  colleagues.  But 
those  results  were  not  overlooked.  As  suggested  by  Mr.  Smith, 
cooling  would  lead  to  the  observed  values  being  higher  than  the 
calculated,  and  this  was  in  accordance  with  experiment.  It 
ought  to  be  kept  in  mind,  however,  that  the  difference  between 
the  thermo-chemical  values  and  observed  E.M.F.  is  never  more 
than  about  1-lOth  of  a  volt ;  and  even  if  the  cooling  property 
were  shown  to  account  for  this,  it  would  be  insufficient  to  touch 
our  experimental  evidence  that  the  changes  in  E.M.F.  (extending^ 
over  more  than  0-7  of  a  volt)  are  determined  mainly  by  changes 
in  strength  of  add. 
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With  reference  to  the  remarks  read  by  Mr.  Robertson^  a  good  Mr.  mbbett. 
many  suggestions  and  fancies  are  mentioned  in  that  paper,  but, 
unfortunately,  experiment  is  directly  against  them.  Professor 
Armstrong  and  Mr.  Bobertson  hold  that  hydrogen  dioxide, 
or  some  form  of  "  active  oxygen,"  has  a  great  influence 
on  E.M.F. 

Dr.  Gladstone  and  I  tried  the  effect  of  adding  hydrogen 
dioxide  to  the  cell,  and  found  no  effect  worth  noting— nothing 
that  could  be  dwelt  upon ;  the  change  of  E.M.F.  on  adding  a 
fidr  amount  of  hydrogen  dioxide  was  almost  negligible*  We 
also  tried  adding  persulphate  of  potassium — which  ought  to  have 
given  us  persulphuric  acid — ^but  in  no  case  were  these  substances 
able  to  produce  appreciable  changes  of  E.M.F. 

On  the  other  hand,  we  find,  as  described  in  the  paper,  that 
sulphuric  acid  produces  changes  of  E.M.F.  more  than  enough  to 
cover  the  working  range  generally  allowed.  Not  only  is  this  the 
case,  the  form  of  the  curve  as  the  plates  go  irom  strong  acids  to 
very  weak  ones*  is  not  unlike  the  discharge  curve  observed  by 
Professor  Ayrton  and  his  colleagues.  You  will  observe  in  Fig.  3 
that  there  is  a  shoulder  and  an  abrupt  descent  when  the  pores  of 
the  plates  are  filled  with  about  6  per  cent.  acid.  That  is  to  say, 
a  small  weakening  in  the  strength  of  the  acid  by  further  discharge 
will  at  this  {)oint  produce  a  disproportionately  large  fall  of  E.M.F. 
This  explains  why  there  is  a  critical  point  in  the  discharge  curve 
of  an  accumulator  at  about  1*8  volts,  and  throws  light  on  other 
changes  in  P.D.  described  in  the  paper  by  Messrs.  Ayrton,  Lamb, 
and  Smith. 

Mr.  Grompton,  in  speaking  of  our  experiments  having  been 
made  with  small  cells,  suggested  that  therefore  they  might  be 
liable  to  suspicion.  This  would  be  true  if  our  method  allowed 
any  current  to  flow.  But  we  were  careful  to  avoid  that.  No 
discharge  (except  in  one  experiment)  was  possible;  the  paper 
deals  exclusively  with  E.M.F.,  and  in  no  case  can  E.M.F.  pure 
and  simple  depend  on  the  size  of  the  cell.  The  results  we 
obtained  may  therefore  be  regarded  as  applying  to  cells  of  all 
sixes. 


*  No  current  ie  taken  from  the  cells  during  these  changes. 
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ur.Hibber^.  Mr.  Swinbume  points  out  that  Lord  Kelvin's  law  is  incom- 
plete^ and  that  Helmholtz  showed  how  to  amend  it  by  adding^  a 
second  term.  That  is  true.  But  Helmholtz's  correction  dependB 
on  the  magnitude  of  the  temperature  coefficient  of  a  cell,  and 
Preece  showed  in  1883  that  the  change  of  E.M.F.  with  tempera^ 
ture  in  the  case  of  an  accumulator  was  very  small.  Althoug^h  I 
cannot  remember  the  figures,  the  value  was  so  small  that  the 
correction  may,  I  believe,  be  safely  neglected. 

7he  PB£sn)ENT :  In  Fig.  1,  are  we  to  understand  that  there 
is  no  current  t^ken  from  those  cells,  but  simply  that  there  is 
a  falling  off  of  the  E.M.F.  by  time,  the  cell  remaining 
insulated  ? 

Mr.  HiBBERT :  No  discharge  took  place,  except  in  one  of  our 
experiments,  the  observations  being  made  by  potentiometer  or 
condenser. 

The  The  Presu)ENT  :  In  connection  with  what  Mr.  Swinbume  was 

President 

saying,  it  is  exceedingly  important  to  distinguish  between  the 
E.M.F.  of  the  cell  and  potential  difference  at  the  terminals. 
When  Mr.  Cromptoi^  said  the  E.M.F.  in  his  experiments  rose 
soon  after  the  commencement  of  discharge,  did  he  not  really 
mean  that  the  potential  difference  at  the  terminals  rose  ?  [Mr. 
Crompton  :  Yes.]  Because  that  very  likely  would  be  explained, 
as  Mr.  Swinbume  suggested,  by  a  variation  in  the  resistance  of 
the  cell.  This  is  home  out  by  a  reference  to  the  paper  which 
my  students  and  I  published  two  years  ago,  and  from  which  it 
will  be  seen  that  both  in  charging  and  discharging  the  resistance 
falls  at  first,  although  afterwards  it  rises  very  much.  Mr. 
Crompton  tells  us  to-night  he  has  observed  a  rise  in  the  potential 
difference  soon  after  the  beginning  of  the  discharge.  I  may 
mention  that  in  some  recent  tests  I  have  been  making,  not  yet 
published,  on  cells  having  non-pasted  plates,  I  find  the  same 
sort  of  thing  in  the  early  part  of  the  charging.  This  hump  that 
we  have  observed  in  charging,  and  the  similar  hump  which  I 
understand  Mr.  Crompton  has  observed  in  discharging,  arising 
probably  from  this  fall  of  resistance  in  the  early  part  of  the 
charge  and  discharge,  would  be  more  noticeable  when  you  are 
charging  or  discharging  with  large  current.    The  reason,  then. 
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why  in  the  curves  which  accompanied  our  papers  of  1890  on  the  The 
tests  made  on  the  E.P.S.  cells  no  such  hump  was  seen,  was 
probably  because  with  the  E.P.S.  type  of  cell  you  are  only 
allowed  to  discharge  with  rather  small  current-density.  But  in 
the  non-pasted  plates  I  have  been  speaking  of  you  may 
discharge  with  such  a  large  current-density  that  a  very  small 
change  of  resistance  makes  a  very  considerable  alteration  of 
shape  in  th^  P.D.  curve. 

Dr.  CrLADSTONE :  J  think  my  first  duty  is  to  say  how  grateful  Sid^ne. 
we  are  to  the  Society  for  the  way  in  whicji  it  has  received 
this  cpmmunication  both  last  week  and  this  wieek.  I  myself  have 
looked  at  the  subject  mainly  firpm  the  chemipal  side,  and  have  drawn 
conclusions  as  to  what  must  be  the  electrical  results,  considering 
the  chemical  changes  which  were  taking  place.  I  am  very  glad 
to  h^r  that  this  theory  of  ours  has  been  already  distinctly 
recognised  by  several  experimenters,  within  certain  limits.  Of 
cDur9e  everyqx^e  knows  that  the  E.M.F.  of  a  battery  does  vary 
along  with  the  strengt^i  of  the  sulphuric  acid  to  a  certain  lextent ; 
bat  I  think,  from  many  things  I  have  heard  quite  recently,  that 
the  wide  cqrrelation  between  the  ope  and  the  other  which  we 
have  pointed  out  is  not  fepognised.  It  w^  partially  known  to 
Mr.  Swinburne  and  ^r.  Crompton;  but  the  iact  is,  a  true 
explanation  is  never  brought  forward  all  at  once  and  accepted 
immediately,  but  it  finds  it  way  gradually  ipto  general  ^ceptance. 
With  regard  to  the  importance  of  promoting  diffusion,  I  was  glad 
to  hear  the  remarks  of  Mr.  Crompton,  and  that  his  attention  had 
been  directed  to  that  matter  so  practically  before  ever  it  occurred 
to  us.  As  to  the  chemical  phanges  that  take  place,  I  do  not 
think  there  can  be  much  doubt  whatever  as  to  the  correctness  of 
the  formula  I  put  down  on  the  board  as  expressing  the  ultimate 
results.  There  may  be  a  great  deal  of  difference  of  opinion  as  to 
whether  there  are  any  intermediate  reactions  taking  place.  Into 
that  matter  we  have  not  gone.  It  is  quite  possible  that  what  Mr. 
Robertson  put  on  the  board  may  exist.  These  are  matters  of 
spectdation,  and  it  is  one  of  the  most  difiicult  things  in  the  world 
to  tell  what  any  intermediate  stage  in  a  chemical  reaction  is. 
We  know  where  we  begin,  and  we  know  where  we  end,  but  of  the 
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intermediate  stages  we  generally  know  nothing.  It  is  especially 
difficult  to  work  out  in  this  case,  because  we  have  the  ultimate 
sulphate  of  lead  mixed  up  with  peroxide  of  lead  and  various 
other  substances.  It  is  also  not  for  us  to  say  exactly  at  present 
whether  it  is  the  absolute  sulphuric  add,  Hj  SO4,  that  is  acting 
in  these  batteries,  or  whether  it  is  the  hydrates  of  sulphuric 
acid. 

In  regard  to  the  thermo-chemistry  of  the  matter,  I  have 
nothing  to  add  to  the  remarks  already  made.  We  propose  to 
work  it  out  more  fully  in  the  future.  As  to  the  presence  of  the 
dissolved  peroxides,  and  the  difference  of  opinion  and  dififerenoe 
of  results  of  experiment  between  Professor  Armstrong  and  Mr. 
Bobertson  and  ourselves,  I  am  rather  at  a  disadvantage,  because 
Mr.  Bobertson  knows  all  about  our  experiments,  and  I  do  not 
know  the  experiments  which  be  has  performed.  At  present  ^e 
only  know  some  of  their  results;  and  we  cannot  repeat  their 
experiments,  because  we  do  not,  know  the  precise  methods 
adopted.  In  these  kinds  of  investigations  we  generally  find 
that  there  is  some  truth  on  both  sides.  I  have  no  doubt  what- 
ever that  these  peroxides  do  make  some  change  of  the  E.M.F.,  but 
what  we  say  is,  we  cannot  find  any  definite  evidence  of  it.  The 
theory  of  Mr.  Bobertson  may  explain  certain  phenomena,  but,  in 
view  of  our  observations,  the  concordant  results  arrived  at  fipom 
different  directions,  and  the  various  arguments  leading  up  to  the 
same  conclusion,  we  must  still  attach  a  preponderating  amount 
of  importance  to  the  strength  of  the  sulphuric  acid  against  the 
working  suriaces  of  the  two  plates.  The  various  remarks  made 
will  receive  our  very  best  attention,*  and  I  trust  in  one  way  or 
another  a  good  deal  more  light  may  be  thrown  on  this  very 
obscure  subject. 

Upon  the  motion  of  the  President,  a  vote  of  thanks  to  Dr. 
Gladstone  and  Mr.  Hibbert  for  their  valuable  paper  was  unani- 
mously passed. 


*  This  will  include  what  we  shall  hare  to  say  when  we  see  Messra.  Armstiong 
and  Bobertson's  criticisms  in  print. 
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The  PfiESiDENT.  announced  that  the  following  candidates  had 
been  duly  elected : — 

Aaaodatea: 


Walter  H.  Brownlee. 
T-  B.  A.  Clarke. 


A.  B*  Mountain. 
George  Newman,  jun. 


Henry  Wall  Wilkinson,  A.M.I.C.E. 

Stvdents: 
Frederick  Bennett  Pell.  |    John  Clarence  Lyell. 

The  meeting  then  adjourned. 
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CABIi  FBOMKB— MAGNETIC  INVESTIGATIONS. 
i  Wiedemann* 8  Annalen,  Vol  46,  No,  4,  p.  798.) 

The  anthor  believes,  from  his  preyipns  investigations  (cf.  fonner  abstracts), 
that  several  identically  similar  pieces  of  iron  or  steel  may,  hj  vwions  treatment, 
be  so  magnetised  as  to  have  preciselj  the  same  moment  and  position  o^  poles,  and 
jet  be  very  different  in  their  internal  magnetic  arrangements.  In  his  last  paper 
the  anthor  showed  that  the  rapidity  with  which  the  magnetising  force,  H,  was 
reduced  had  a  distinct  effect  on  permanent  magnetism. 

A  slow  reduction  of  H  gives  the  maximum  P.M.  (say  P.M.  max.);  (A)  a 
sudden  reduction  gives  a  less  P  M.  (say  P.M.^),  but  a  bar  magnetised  to  P.M.  max. 
can  also  have  its  P.M.  reduced  to  P.M.^ — (6)  by  a  properly  chosen  reverse 
current,  or  (,C)  by  a  suitable  jarring  and  knocking.  Iron  and  steel  bars  and  a 
bundle  of  iron  wires  were  experimented  on  in  both  A,  B,  and  C  states  of  eqnal 
P.M.^  by  noting  the  temporary  magnetism  and  the  variation  of  P.M.  when  a 
magnetising  force,  small  compared  to  that  giving  P.M.  max.,  was  applied  to  them  in 
different  ways  and  various  numbers  of  times.  The  B  and  C  state  appear  to  be  the 
same  in  the  case  of  a  bundle  of  iron  wires,  and  to  differ  from  the  A  state ;  in  the 
latter  the  P.M.  being  much  more  increased  by  a  strengthening  current  than  in  tlie 
two  former.  Except  in  the  case  of  the  bundle,  all  three  states  differ  from  each 
other,  a  strengthening  current  having  a  different  effect  in  each,  both  on  pennanent 
and  temporary  magnetism,  as  also  have  a  large  number  of  other  inflnenoes,  snch 
as  rate  of  diminution  of  the  magnetising  current.  Some  effects  of  combining  the 
various  conditions  are  also  given.  The  author's  general  view  is  that  when  the 
magnetising  current  is  more  or  less .  suddenly  broken  the  grouping  of  the 
molecular  magnets  undergoes  a  thorough  change,  whereas  a  reverse  magnetiiing 
force  -principally  shifts  the  molecular  magnets  in  each  group;  jarring  has 
apparently  much  the  same  tendency  as  sudden  break  of  the  magnetising  cnzrenft ; 
but  the  stability  of  the  grouping  with  respect  to  jarring  is  less  in  bars  than  in  the 
^*  bundle."  A  large  number  of  tables  are  given  showing  results  obtained  hy 
very  various  actions  and  combinations. 


LUCAS  and  OABBETT— A  DETECTOR  FOR  SPARE  IN  HERTZ'S 

RESONATOR. 

(Phil  Mag,,  Vol,  88,  No.  202,  p.  299.) 

A  test  tube  of  small  diameter  has  two  platinum  wires  sealed  into  the  lower 
part,  and  is  partly  filled  with  hydrochloric  acid ;  a  few  cells  are  connected  to  the 
wires,  and  by  the  electrolysis  of  the  acid  a  continuous  supply  of  explosive  mixture 
of  hydrogen  and  chlorine  is  kept  up  in  the  tube.    In  the  upper  part  of  the  tube  are 
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two  small  holes  oppoiite  one  another,  through  which  two  platinum  wires  pass 
which  are  connected  to  the  two  parallel  resonator  wires.  A  simple  adjustment  is 
provided  so  that  the  ends  of  the  two  upper  platinum  wires  can  be  brought  very 
dose  to  one  another.  When  the  tube  is  full  of  the  explosive  mixture,  the  verj 
smallest  spark  will  explode  it.  An  explosive  mixture  of  hydrogen  and  oxygen  was 
first  tried,  but  was  not  nearly  so  sensitive.  When  the  points  are  very  close 
together  they  frequently  get  short-circuited  by  a  particle  of  spray;  to  get  over 
this,  a  battery  is  joined  to  the  two  resonator  wires  (at  a  node,  so  as  not  to  interfere 
with  the  phenomena),  which  at  once  dissipates  any  such  short-circuiting  drop. 


e.  FELU8SZEB  -THE  WINDMILL  AS  A  SOURCE  OF  POWEIt  (I.). 

(Lumi^re  Ehctrifjtte,  Vol.  44,  No,  15,  />.  16.) 

Extracts  are  giren  from  A.  R.  Wolf's  **The  Windmill  as  a  Prime  Motor** 
(New  York,  1886),  giving  the  detailed  cost  per  H.P.-hour  for  various-sized  wheels. 
The  totals  vary  from  8d.  for  a  0-12-H.P.  10-ft.  wheel  to  IJd.  for  a  1-34-H.P. 
2o-ft  wheel.  These  are  based  on  the  assumption  that  the  wheel  works  eight  hours 
per  day  with  a  15-miles-an-hour  wind.  These  figures  are  said  to  be  well  within  the 
mark  for  America,  but  for  France  it  would  be  necessary  to  take  much  lower  ones. 
The  real  reason  that  windmills  are  not  used  is  the  defects  of  secondary  batteries. 
Professor  Blythe  hasa  wind  installation  at  Marykirk ;  a  26.|t.  wheel  charging  12  E.P.S. 
accnmulatora.  One  good  breezy  day  stores  enough  to  light  10  8-C.P.  lamps  three  or 
four  hours  a  night  for  four  nights.  With  a  strong  breeze  the  wheel  gives  4  H.P. 
The  Due  de  Feltre  in  1886  erected  an  installation  at  La  H^ve  for  supplying 
current  to  the  lighthouse,  but  it  failed  owing  to  the  large  number  of  calm  days. 
Mr.  Brush  has  an  installation  at  Cleveland,  U.S. A.,  with  a  «55-ft.  wheel  driving  a 
12-kilowatt  Brush  dynamo,  and  charging  12  sets  of  cells,  34  in  series.  It  works 
excellently,  but  the  cost  per  H.P.-hour  is  probably  much  higher  than  it  would  be 
for  steam  power. 

M.  ZJNDSCK— THE  E.M.F.  OF  THE  CLARK  CELL. 

(Zci'r*.  Instrk,,  Jan.,  1892  j  Lumiere  Electrique,  Vol,  44,  No.  14,/>.  36.) 

Various  values  are  given  for  the  E.M.F.  of  the  Clark  cell,  but  the  author 
points  out  that  some  are  in  B.A.  volts,  some  in  old  Legal,  some  in  new  Legal, 
and  others  in  true  volts.  When  they  are  all  reduced  to  true  volts,  they  practically 
agree  with  that  of  Lord  Rayleigh,  viz.,  1-435  true  volts  at  15«*  C.  With  regard  to 
the  temperature  coefficient,  various  values  have  been  given,  some  only  one-half, 
or  less,  of  that  given  by  Lord  Rayleigh  i  these  differences,  however,  are  in  general 
due  to  the  fact  that  they  have  been  taken  too  quickly :  a  cell  does  not  change  its 
E.M.F.  with  temperature  at  once.  If  the  cell  is  lather  large,  and  the  zinc  a 
vertical  rod,  it  is  in  contact  with  layers  of  liquid  which  differ  in  concentration 
when  the  temperature  rises,  and  the  whole  liquid  does  not  become  even  till  it  has 
been  kept  at  the  altered  temperature  for  some  time.  In  the  cells  used  in  the 
German  laboratories,  the  zinc  is  placed  horizontally,  so  as  to  overcome  this  evil. 
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Z>r.  FEUSSHBa-ALLOYS  FOR  STANDARD  RESISTANCES. 

(Btektrotechnische  Zeitschrifty  Feb,  19, 1892 ;  Lumidre  ElectriquCy  Vol,  43, 
No,  10,  p.  485.) 

Metals  of  the  German  silver  class — i.e.,  alloys  of  copper,  nickel,  and  zinc — 
are  liable  to  go  rotten  in  course  of  time,  owing  to  the  last  metal  crystallising.  Dr. 
Fenssner  has  been  experimenting  on  yarioos  alloys  of  copper  and  nickel,  with  veiy 
small  amounts  of  manganese  and  iron  (generally  well  under  one  per  cent.).  He 
gives  two  curves  showing  the  variation  of  specific  resistance  and  temperature 
coefficient  with  percentage  of  nickel.  The  R«  rises  in  a  straight  line  from  1*6 
for  pure  copper  to  about  52  for  60  copper  with  40  nickel ;  it  then  remains 
practically  flat  till  63  per  cent.  Ni  is  reached,  when  it  falls  again  in  a  practicallj 
straight  line  to  the  Rx  of  pure  nickel  at  lOO  per  cent.  Ni.  The  temperatnre 
coefficient  curve  drops  sharply  from  0*38  for  pure  copper  to  0*05  for  10  per  cent. 
Ni ;  it  then  decreases  fairly  steadily  to  40  per  cent.  Ni,  where  it  ciosses  the  zero 
line,  and  becomes  about  —  0*01  per  cent. ;  is  zero  again  at  about  48  per  cent.  Ni, 
remaining  about  +  0*01  till  58  per  cent.,  and  then  rising  sharply  again.  Carres 
are  also  given  showing  increase  of  resistance  with  temperature  of  various  alloys 
of  the  "manganin"  class — 3.«.,  copper  and  manganese  up  to  6  per  cent,  of 
manganese :  these  have  a  small  and  practically  constant  temperature  coefficient — 
t.«.,  the  resistance  rises  in  a  straight  line  with  temperature ;  but  for  alloys  of  high 
percentage  of  manganese  up  to  30  per  cent.,  the  temperature  coefficient  varies  with 
the  temperature,  the  resistance  increasing  from  0°  up  to  about  40°  or  50^,  and  then 
diminishing  again  till  at  100"*  it  is  less  than  at  (f.  This  class  of  alloy  is,  moieoTer, 
liable  to  change  in  consequence  of  oxidation  of  the  manganese,  and  is  also  difficult 
to  draw. 


K.  8TBBCKSB— THE  PROTECTION  OF  TELEPHONE  LINES 
AGAINST  INDUCTION. 

(Elektrotechnische  Zeitschrifl,  Vol,  18,  No,  10,  p.  128  ;  Lumiere  Eieetrique,  Vol,  44, 
No.  16,  p.  122,  No,  17,  p.  181.) 

The  author  begins  by  determining  the  disturbing  effects  on  a  telephone 
circuit  of  a  neighbouring  wire  carrying  alternating  and  direct  lighting  currents 
and  telephone  currents  in  terms  of  strength  of  current  and  rate  of  change ;  these 
he  shows  to  be  in  the  ratio  of  0*2  for  a  telephone  current,  110  for  a  current  of  100 
amperes  from  a  direct  machine  running  at  600  revolutions  and  having  40  commntator 
segments,  and  80,000  for  an  alternate  current  70  amperes  mean  current  and  80 
f\J.  A  lead  cover  to  a  cable  is  an  almost  perfect  shield  against  induction  from 
without,  and  a  buried  cable  is  also  practically  protected,  by  the  surrounding  earth 
being  a  conductor.  The  lead  cover  in  a  multiple  cable  is,  however,  no  protection 
against  induction  of  the  various  wires  on  each  other,  but  each  must  h«ve  its  own 
separate  metallic  sheath. 

With  regard  to  bare  overhead  wires,  there  is  no  method  of  running  (twist  wiring, 
&c.)  by  which  the  circuit  can  perfectly  protect  itself  against  induction.  Against 
a  single  strong  current  line  wire  there  is  no  perfect  protection;  against  a  double 
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ono  (lead  and  retarn)  a  wire  always  eqai-distant  from  the  two  is  unaffected. 
Multiphase  wires,  if  run  on  the  twist,  have  their  effect  on  neighbouring  wires 
much  reduced,  but  there  is  no  means  of  entirely  eliminating  their  effect  on 
neighbouring  telephone  wires.  All  lighting  and  power  wires  should,  the  author 
considers,  be  obliged  to  be  so  run  as  to  minimise  their  effect  on  telephone  and 
telegraph  ones  in  the  neighbourhood. 

In  the  discussion,  Herr  Uppenbom  pointed  out  that  most  direct-current 
systems  used  accumulators,  and  were  harmless ;  but  even  in  those  which  did  not, 
the  induction  effect  was  rerj  slight — e.^r.,  the  pilot  wires  of  the  Berlin  cables  are 
used  as  telephone  wires  when  required.  Alternate  and  multiphase  currents  are 
quite  harmless  in  towns,  as  concentric  cables  are  always  used.  The  real  disturb- 
ancM  in  telephone  lines  are  due  to  leakage— conduction,  not  induction^and  can 
be  orercome  by  using  metallic  telephone  circuits. 


J.  P.  AHHBT—THE  EMBRUN  WATER-POWER  INSTALLATION  (L). 

{Lumiere  Electrique,  Vol  44,  No.  17,  p.  161.) 

The  power  is  obtained  from  a  n^id  stream  named  the  Cr^voux,  the  station 
being  at  about  a  mile  and  a  half  from  the  town.  A  dam  has  been  built  across  the 
stream,  and  the  water  is  brought  about  half  a  mile — partly  by  open  canal,  and  partly 
by  tunnel — to  a  reservoir  some  50  feet  above  the  level  of  the  turbines.  The  latter 
are  two  in  number,  70  H.P.  each,  of  the  Girard  type,  and  have  a  guaranteed 
efficiency  of  75  per  cent.  They  run  at  140  revolutions  per  minute,  and  each  drives, 
by  belt,  a  Ferranti  dynamo  and  its  exciter  at  900  revolutions,  giving  100  volts  and 
250  amperes,  which  is  transformed  up  to  2,400  volts  and  10  amperes.  All  circuits, 
both  high  and  low  pressure,  are  brought  on  to  the  switch-board,  on  which  also  are 
bandies  controlling  the  flow  of  water  to  the  turbines.  The  circuits  are  entirely 
orerhead,  and  carried  on  oil  insulators.  There  is  a  high-  and  low-tension  circuit 
right  round  the  town,  with  branches  in  various  directions.  The  former  feeds  the 
latter  at  10  points  through  transformers  reducing  from  2,400  to  50  volts,  the 
bouses,  &c.,  being  supplied  from  the  low  circuit  only.  Between  the  town  and  the 
station  bare  copper  is  used,  but  inside  the  town  heavily  insulated  cable.  About 
500  private  lamps  are  at  present  installed,  which  are  charged  per  lamp-month. 
There  are  also  48  street  lamp&  Power  is  also  supplied  to  a  factory  near  the  town 
by  a  separate  circuit. 


J.  TBOWBSXBOB— WAVE  PROPAGATION  OF  MAGNETISM. 

(PAi7.  Mag^y  Vol.  88,  No.  208,  p.  876.) 

The  experiments  were  made  with  two  telephones,  to  the  diaphragms  of  which 
were  attached  small  mirrors,  by  which  the  image  of  a  small  bright  spot  of  light 
could  be  thrown  on  a  screen.  The  axes  of  the  telephones  were  so  turned  that  the 
excunions  of  a  spot  of  light  reflected  successively  from  both  the  mirrors  of  the 
telephones  represent  the  flgnre  produced  by  the  combination  of  two  motions  at 
right  angles  to  each  other  (the  method  of  obtaining  flgures  is  similar  to  th«t  of 
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Lissajoa  with  two  tuniug-forka  and  inirron).  A  circular  ring  of  iron  3  ft.  in 
diameter  had  four  coils  wound  on  it— two  of  large  wire,  A,  fixed  opposite  one 
another,  say  at  the  top  and  bottom,  and  through  which  the  current  from  an 
alternator  was  passed ;  and  two  fine-wire  secondaries,  B,  each  connected  to  one  of 
the  telephones,  and  which  could  be  moved  about  round  the  ring  and  over  the  large 
coils  if  desired.  The  mirror  on  one  telephone  gave  a  vertical  line  when  vibrated 
alone,  the  other  a  horizontal  one.  The  A  coils  were  joined  up  in  opposition  (t.e., 
so  that  with  a  continuous  current  thej  would  give  consequent  poles  midway 
between  them) ;  a  B  coil  was  unaffected  at  the  point  midway  between  the  A  onee. 
One  B  coil  was  then  fixed,  not  near  the  middle  point,  and  the  other  one  opposite 
it ;  the  moving  spot  of  light  reflected  from  the  two  mirrors  giving  an  ellipse  on  the 
screen ;  on  moving  the  second  one  over  the  middle  p(Mnt  on  its  side  of  the  ring,  the 
major  axis  of  the  ellipse  shifted  from  right  to  left.  Indicating  a  change  of  phase  of 
180^,  the  lines  threading  through  the  coil  in  opposite  directions  or  opposite  sides  of 
the  middle  point.  There  was  no  change  of  phase  if  the  A  coils  were  not  opposed. 
The  whole  makes  an  interesting  lecture  experiment,  but  the  author  was  unable  to 
detect  any  true  nodal  points  indicative  of  wave  motion  of  magnetism,  and  he 
concludes  that  the  propagation  of  magnetism  in  iron,  &c.,  is  expressed  by  the 
equation  of  molecular  magnets  in  a  resisting  medium  rather  than  by  the  equation 
of  a  wave  motion. 


M.  ASCOLX~ON  THE  RELATION  IN  BATTERIES  BETWEEN 
E.M.F.  AND  SPECIFIC  HEAT. 

(Eend,  Lincei,  1891,;?.  397;  Lumihre  Electrique,  Vol,  43,  No,  11,;?.  545.) 

Czapski  has  shown  that  when  E.M.F.  diminishes  with  rise  of  temperatnre  the 
chemical  heat  is  greater  than  the  voltaic  heat,  and  vice  versa  s  the  two  being  eqval 
only  when  the  temperature  coefficient  is  zero.  To  demonstrate  this,  M.  AsooU 
discusses  what  occnrs  when  two  exactly  similar  cells,  A  and  B,  of  E.M.F.  £»  are  pot 
in  opposition  and  A  is  heated.  If  the  cells  are  such  that  the  E.M.F.  rises  with  the 
temperature,  there  will  be  a  current,  C,  through  the  two,  direct  in  A,  and  leveised 
in  B.  If  Ea  be  the  E.M.F.  of  the  heated  cell,  an  amount  of  heat,  Ea  x  C,  will  be 
absorbed  in  it ;  and,  similarly,  a  quantity  of  heat,  £o  x  C,  will  be  produced  in  B. 
Simultaneously  a  certain  quantity  of  heat,  Qa  C,  is  produced  in  A,  and  a  quantity, 
Q^  C,  absorbed  in  B.  The  total  heat  absorbed  in  A  Is,  therefore,  c  (£«  —  Qa  ) ;  that 
produced  in  B  being  c  (E©  -  Qo  ).  If  Ea  -  Qa  and  E^  -  Q^  had  negative  values, 
heat  would  be  produced  in  A  and  be  absorbed  in  B,  consequently  after  a  temponuy 
heating  of  A  there  would  be  a  continuous  transport  of  heat  from  the  cold  cell,  B, 
to  the  hot  cell.  A,  until  A  was  exhausted ;  which  would  be  contrary  to  the  second 
law  of  thermo-dynamics :  ergoy  if  the  E.M.F.  rises  with  temperature,  £  mnst  be 
greater  than  Q,  and  vice  versa.  The  quantity  (£  —  Q)  has  the  same  meaning  in  a 
battery  as  the  Peltier  effect  in  the  theory  of  the  thermopile  (noglecting  the 
Thomson  effect).  The  author  shows  that  Helmholts's  equation  may  be  derived 
from  the  above. 
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li.  ABOVS— A  LECTURE  EXPERIMENT  WITH  HERTZ 

OSCILLATIONS. 

(^Wiedetitann^s  Atmalaif  Vol.  45,  No,  3,  p.  558.) 

A  glass  tnbe  8  ft.  long  and  2^  in.  diameter  is  closed  at  the  ends,  and  at  each 
end  two  small  openings  like  bottle-necks  are  blown ;  these  are  then  closed  with 
corks,  and  through  a  fine  hole  in  each  of  the  latter  at  one  end  an  alomininm  wire 
pasKs  into  the  tnbe  and  out  at  the  cork  at  the  opposite  end,  so  that  there  are 
two  wires  stretched  parallel  to  each  other  the  whole  length  of  the  tube.  A  glass 
tap  is  blown  into  the  side  of  the  tnbe  at  one  end,  and  connected  to  a  water  exhaust 
pump  which  will  reduce  the  pressure  to  from  10  to  20  mm.  of  mercoiy.  When 
the  wires  are  stretched  the  corks  are  coyered  over  with  sealing-wax,  and  will  then 
keep  a  yacnnm  of  1  mm.  for  a  whole  djftj*  The  glass  tube  is  then  attached  by- 
parallel  wires  12  ft.  long  to  zinc  plates  4  in.  square  close  to  the  exciting  plates  of  a 
Hertz  oscillator ;  the  two  wires  in  the  tube  are  bridged  together  at  the  far  end  from 
the  oscillator  by  a  short  piece  of  wire  introduced  through  the  tap.  The  tube  then 
lights  up  evenly  throughout  its  length.  If  a  second  bridge,  B,  is  applied  to  the 
parallel  wires  between  the  tube  and  the  resonator,  it  generally  extinguishes  the 
light ;  but  by  shifting  B  along  the  wires  positions  can  be  found  for  it  which  are  such 
that  it  divides  the  whole  length  of  the  wires  into  two  parts  in  resonance  with  each 
other,  which  is  shpwn  by  the  tube  becoming  unevenly  lighted— dark  at  the  nodes, 
snd  bright  at  the  loops.  From  one  up  to  five  bright  loops  can  be  obtained  in  the 
tube  as  above  arranged,  and  the  positions  of  the  second  bridge  which  cause  them 
aie  shown  to  agroe  very  fairly  with  calculation. 


Digitized  by  LjOOQ IC 


470 

LIST   OF   ARTICLES 

BELATINO  TO 

ELECTRICITY    AND    MAGNETISM 

Appearing  in  aome  of  the  principal  Journals  during  the  Months  of  APRIL  and 

MAY,  1892. 
S.  denotes  a  series  of  articles.       I.  denotes  folly  illnstrated. 


LZOKTZHO    AND    POWB&. 

G.    Richard — Electric  Welding  (S.  X.)-     (Howard,  finrton,  Angell,  Gendron, 
Siemens  &  Williamson,  Riess). — Lum.  ELy  vol.  44,  No.  21,  p.  353. 

F.  Robs— Central  Stations.— -ff.  T,  Z,,  vol.  13,  No.  19,  p.  256. 

C.  P.  Stbtnmetz — The  Proportion  between  High-  and  Low-Pressnre  Work  in  the 
U.S.A.— -£.  T.  Z.,  vol.  18,  No.  21,  p.  271. 

G.  RicHAXD— Details  of  Deptford  Ferranti  Station  (Switch-Board,  Switches,  Ac.) 

(I.),— Xtim.  El,  vol.  44,  No.  18,  p.  215. 
H.  Gbobob— The  Comparative  Output  of  the  Direct,  Alternating,  and  Drehstrom 

Motor.— ^.  T.  Z.,  vol  18,  No.  18,  p.  286. 
Dr.  Mbibskeb— The  Transmission  of  Power  at  Lanffen.— /^m.  El,,  vol.  44, 

No.  22,  p.  486. 
Anon.— Transmission  of  Power  at  Genoa. — E.  T,  Z.,  vol.  18,  No.  17,  p.  216. 
W.  Lahxeteb— Transmission  of  Power  CPaper  before  £1.  Tech.  Yer.,  Berlin,  and 

Discnssion-'-ff.  T,  Z.,  vol.  18,  No.  14,  p.  188. 
Dr.  Mbissnbb— The  Lauffen-Heilbronn  l^nsmission  of  Power  Works. — E,T.  Z^ 

voL  18,  No.  16,  p.  193. 
H.  Mttllbb— Cut-Out  (Break  at  No  Current).—^.  T.  Z.,  vol.  13,  No.  22,  p.  288. 
SiBMBNB  and  Halbke— Coulomb  Meter.— JE^.  T.  i?.,  vol.  13,  Na  22,  p.  289. 
H.  Aboh— Drehstrom  Meter.— .^.  T,  Z.,  vol.  13,  No.  16,  p.  193. 
F.  Gbbaldt— The  Commercial  Use  of  Condensers. — Lim.  EL,  voL  44,  No.  19, 

p.  261. 
J.  Tbumpt— Arrangement  of  Cells  for  Central  Station  Work.— jE.  T.  Z.,  vol.  18, 

No.  20,  p.  262 ;  Lum.  EL,  vol.  44,  No.  22,  p.  425. 
F.  Dbbquibns — Swing  Bridge  with  Electric  CJontrol.— Jour.  Tel.,  vol.  18,  No.  2, 

p.  176. 
C.  Heim— Remarks  on  Mr.  Preece's  Paper  on  Conductors. — E,  T.  Z,,  vol  18, 

No.  15,  p.  194.  


C.  Steinmbtz — ^Remarks  on  the  Biagnetic  Circuit. — E.  T.  Z.»  vol.  IS,  No.  16^ 
p.  203. 

—  Majes — Magnetometer. — Lum.  EL,  vol.  44,  No.  19,  p.  282. 

—  Mabchbb— Exploring  Needle  for  Magnetic  Field.— Xtim.  EL,  vol.  44,  No.  18, 

p.  296. 
W.  KuKz— The  Effect  of  Temperature^  on  Hysteresis.- jE:.  T.  Z.,  roL  18,  Ki .  19, 

p.  246 ;  Lam.  EL,  voL  44,  No.  22,  p.  442. 
Gxbosa  and  Fnizi— The  Magneti^tiou  of  Iron  in  an  Alternating  Field.— i2mtf. 

Lincn\  7  (8),  p.  258,  1891 ;  BeihL,  vol.  16,  No.  4,  p.  229. 


Digitized  by 


Googk 


ARTICLES  RELATING  TO  ELECTRICITY,  Etc.  471 

TEUBOBAPH8  AHD  TBUBFB0KB8. 

W.  Lahmbyxb  and  C.  Qrawivkbl — Further  BiKUfirion  on  the  latter's  Paper  on 
Telephone  Disturbancee.— J?.  T,  Z,  vol.  13,  No.  18,  p.  288. 

DouTo  DoKsowoLSKi—Overooniing  Indnct'oo  on  Telephone  Lines  (Paper  and 
Discnasion,  El.  Tech.  Vep.)  -A'.  71  Z.,  vol.  18,  No.  16,  p.  211. 

W.  CHRi8TiAKi*6n  the  Tbt>ory  of  IndnctionlcsB  Overhead  Wiring  without 
Twist— A.  T,  Z.y  vol.  13,  No.  22,  p.  283. 

Dr.  Y.  WiBTLiSBACH— Influence  of  Lighting,  &c..  Wires  on  Telegraph  and  Tele- 
phone Lines.—^.  T.  J^T.,  vol.  18,  No.  2'^,  p.  286. 

SiXMBKB  and  Halskb— Telephone  (I.).— Lum.  El^  vol.  44  No.  21,  p.  871. 

R.  BAUKB^The  Telephone  for  lUilwHjr  Work.— i?.  T,  Z.,  vol.  13,  Na  80,  p.  264. 

E.  KoLBBB— American  Paper  Insulated  Telephone  Cables.— .£.  T,  Z.,  vol.  18, 
Na  14,  p.  175. 

S.  DiSMMOz— The  Adjustment  of  the  Break  in  the  "Hughes"  Instrument.— Jovr. 
7W.,  vol.  16,  No.  6,  p.  1H3. 

E.  MijLLEB — Improvement  in  **  Hughes "  Working  on  Underground  Lines. — 
A\  r.  Z.,  VOL  18,  No.  21,  p.  277. 

—  Jbkrik— Rapid  Perforator.— Jbirr.  7«/.,  vol.  18,  Na  2,  p.  181. 

—  WRioHT^Vrinting  Telegraph  (L).— Zium.  El,  vol.  44,  No.  18,  p.  228. 

Stbb<  kbb  and  Billiq — Measurement  of  Inductance  of  Telephonic  Appafatos. — 

E.  r.  Z.,  vol.  13,  Na  21,  p.  27». 
B.  Bbylibski— On  the  Capacity  of  Telegraph  Lines.— Jour.  Te/.,  voL  18,  No.  2, 

p.  »7. 

—  Laqabdb— Note  on  the  Capacity  of  Telegraph  Insalaton.— Jitwr.  7«/.,  vol.  18, 

No.  2,  p.  123. 


BLECTBXO  0HSKZ8TBY  AND  KSTALLimeY. 

A.  Chasst— On  the  Laws  of  Electrolysis.— C.  A.,  voL  114,  No.  18,  p.  998;  Iauo, 

a:/.,  vol.  44,  Na  22,  p.  443. 
G.  EuMaiBL— On  the  Deposition  of  Precipitates  at  the  Junction  of  Two  Electrolytes. 

—  WUd.  Am,,  voL  46,  No.  5,  p.  105. 
C.  L.  Spbtkbs— The  E.M.F.  of  Metallic  Salta— J«Kricaa  Ckem,  Jour.^BeihL, 

vol.  16,  No.  4,  pi  290. 
A.  B'ABSOinrAi^— Physiological  EflTects  of  Alternating  Currents.— BulZ.  Soc,  Int., 

ToL  9,  Na  87,  p.  146. 
C.  Faurb— Cost  Price  of  Aluminium.— Zicai.  EL,  vol.  44,  No.  19,  p.  974. 


G.  Grabsi — Compensated  Galvanometer  of  Constant  SensitlvenesB.— iV.  Om.  (Z) 

80,  p.  120, 1891 ;  Set  ft/.,  vol  16,  Na  4,  p.  99. 
AsoB.— Automatic  Electrical  Fire-Alarm  without  Battny.— JE*.  T.  Z.,  vol.  18, 

Na  19,  p.  26a 
C.  BoocALi— Compariaoo  of  Vacua  of  varioos  Glow  Lampa.— J?.  T.  Z.,  mIL  18, 

Na  19,  p.  249. 
M.  T.  Frbt- The  Rcsistaiioa  of  the  Hnmaa  Body.— AiUl,  roL  16,  No.  4,  p.  917. 
VOL.  XXL  32 

Digitized  byVjOOQlC 


472  ARTICLES  RELATING  TO  ELECTRICITY^  Etc. 

STATIC  B&BCTBZCXTT. 

WuRTz  Webtinohoubb — Lightning  Arresters  (I.)<— -/^m.  £1,,  toI.  44,  No.  19, 

pp.  266-281. 
L.  Wbbeb— Atmospheric  Electricity  (6tfa  Report).^^.  T,  Z.,  toL  18,  No.  19^ 

p.  289. 
C.  P.  Steibmetz— Dielectric  Hysteresis.— -ff.  T.  Z.,  vol.  18,  No.  18,  p.  f27. 


TBSOBT. 

Wibdbma:71t  and  Ebvbt— The  Apparent  Repalmonof  Parallel  <<  Cathode  RHittwn  " 

Btamn.—Wied,  Ann.^  rol.  46,  No.  6,  p.  168. 
—  Hebtz— Researches  (French  Abetract>— £um.  EL,  vol.  44,  Na  19,  p.  286, 

No.  20,  p.  335,  No.  21,  p.  387. 
Elihu  Thomson— High  Frequency  and  Tension  Apparatus  (L). — Elect,   Wcrld^ 

April  2nd,  189:2;  Lum.  A7.,  vol.  44,  No.  18,  p.  286. 
G.  ScHMBTZ — ^The  Prodnction  of  Light  hy  Direct  Transformation  of  Electricml 

into  Luminous  Vibrations.— /;.  T.  Z.,  voL  18,  Na  19,  p.  245,  No.  20,  p.  259. 
E.  CoHN— On  the  Gordon- Winkelmaan  Method  of  Determining  S,LC,^Wied, 

■  Ann,j  vol.  46,  No.  6,  p.  185. 
Prof.  Pbbbt— Choking  Coi  s.— PAi7.  Mafj.,  vol.  88,  No  204,  p.  488. 
Dr.  J.  KoLLEBT— Contributions  to  the  Theory  of  the  Drehstrom.— ^.  7*.  Z.,  vol.  18, 

No.  14,  p.  171,  No.  15,  p.  191. 
DoLivo  DoBBOwoLSKi — EflBciency  of  Transformers  (Paper  and  Discusrion,  EL 

Tech.  Ver.).— ^.  T.  Z,,  vol.  13,  No.  17,  p.  222. 
S.  Kalischeb — Theory  and  Calculation  of  Branch  Cireuiti.— ITtecf.  Amu,  voL  46, 

No.  6,  p.  118. 


&AILWAT    WORK. 

II.  Sbbbmawn— Alarm  for  Level  Cros8ingB.--J^.  T.  Z,,  vol.  18,  No.  17,  p.  217. 
G.   RiOHABD— Tramway  and  Railway  Plant  (S.  I.).    (Short,  Blackwell,  Phillips, 

Billesby,   Dicken^ioB,  Love,  Schnckert,   Hutchinson,   Thomson-Houtton.)^ 

Lum.  EL,  vol.  44,  No.  20,  p.  810. 
—  Wbstinohouqb— Tramway  Plant  (i,),—Lum.  EL,  vol.  44,  No.  21,  p.  859.      . 
E.  DB  Baillbuaohb— Train  Indicator.— Z4<»i.  EL,  vol.  44,  No.  21,  p.  853. 


YAAIOVS. 

ANOH.^Oil  Insulation.     Claim  of  Invention  by  M.  Jean,  1858.— ^our.  7W., 

vol.  18,  No.  2,  p.  149. 
Lieut.  BucHHOLTz— Wind  Power.— iB.  T,  Z,^  vol.  18,  No.  21,  p.  281. 
A.  d'Absokval — The  Generation  of  Electricity  by  Living  Beings.— Lwm.  JEl, 

vol.  44,  No.  18,  p.  207. 
—  ScHOMBUBO— Oil  Insulator  (I.).— Xiim.  EL,  vol.  44,  No.  19,  p.  271. 
G.    Pellissibb.— The   Tides   and   Waves  as  Sources  of  Pow«r.     (Hiitoiical 

Retum€.)    (I.)— £iim.  EL,  vol.  44,  No.  20,  p.  801. 


Digitized  by  LjOOQIC 


JOURNAL 


OF  THS 


Founded  1871.    Ine<n^orated  1883. 
Vol.  XXI.  1892.  No.  100. 


The  Two  Hundred  and  Fortieth  Ordinary  General  Meeting  of  the 
Institution  was  held  at  the  Institution  of  Civil  Engineers, 
25,  Great  George  Street,  Westminster,  on  Thursday  evening, 
May  26th,  1892— Professor  W.  E.  Aybton,  F.B.S.,  President, 
in  the  Chair. 

The  minutes  of  the  Ordinary  General  held  on  May  19th  were 
read  and  approved. 

The  PsEsmENT :  Before  proceeding  to  the  business  of  the 
meeting,  I  have  the  melancholy  duty  to  perform  of  reporting 
what  you  probably  all  know  but  too  well — ^the  lamentable  death  of 
our  member  Mr.  P.  W.  Willans.  Unnecessary,  indeed,  is  it  for 
me  to  add  a  word  to  make  you  appreciate  the  man  who  is  gone. 
Mr.  Willans  was  no  less  marked  by  his  scientific  attainment  than 
by  the  distinction  he  had  won  as  an  engineer.  His  death  is  not 
only  a  loss  to  our  Institution,  but  to  the  electrical  engineering 
profession  generally,  and  that,  at  the  present  time,  must  be  re« 
garded  as  a  loss  to  our  country.  Nobody  knew  Mr.  Willans 
better  than  Mr.  Crompton,  and  I  will  therefore  ask  him  to  say  a 
few  words  about  our  friend,  whom  we  can  so  ill  spare. 

Mr.  S.  E.  Croapton  :  I  generally  rise  with  pleasure  to  speak 
in  this  room,  but  this  time  it  is  with  a  very  different  feeling,  as  I 
have  to-day  returned  from  the  funeral  of  our  friend.    I  say 
nothing  about  my  own  feelings,  but  they  can  be  understood  when . 
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I  say  that  I  have  lost  in  Mr.  Willans  a  personal  friend  second  to 
none.  I  had  been  very  closely  connected  with  Mr.  Willans  for 
many  years,  and  throughout  a  long  period  of  close  personal  and  * 
business  relationship  never  had  the  shadow  of  a  quarrel.  WTien  I 
consider  the  loss  which  our  profession — ^in  fact,  I  may  say  English- 
men as  a  whole — ^have  sustained  by  his  death,  I  believe  that  my 
opinions  will  be  shared  by  everyone  in  this  room  when  I  say  that 
in  him  we  have  probably  lost  the  greatest  steam  engineer  of  the 
time.  There  are  many  present  who,  like  myself,  have  profited 
from  Mr.  Wilhms's  advice  and  assistance.  He  was  one  of  those 
mi)dest3  unassuming  men  who  could  stand  at  your  side  and 
suggest  ideas  which  you  found  to  be  of  incalculable  value,  and  he 
did  this  in  such  a  manner  that  one  felt  almost  as  if  the  idea  had 
come  from  oneself  instead  of  from  him.  I  am  afraid,  now  thai  he 
has  gone,  many  of  us  will  find  how  difficult  it  will  be  to  get  along 
without  him.  Willans  was  in  the  prime  of  life,  and  was  just 
beginning  to  make  his  opinions  felt.  I  believe  that  another  few 
years  would  have  made  the  whole  world  acknowledge  that  by 
his  inventions  and  investigations  in  theniKMlynamics  he  had 
revolutionised  steam  engineering.  It  is  sad  that  such  a  career 
should  have  been  cut  short  in  this  melancholy  manner.  I  think 
that  I  can  now  add  little  further  than  that  I  believe  nowhere  in 
the  world  will  a  more  hearty  note  of  sympathy  arise  than  from 
the  members  of  the  electrical  profession,  who9e  labours  he  hae  so 
greatly  aided. 

The  names  of  new  candidates  for  election  into  the  Institution 
were  announced,  and,  this  being  the  last  meeting  before  the  recess, 
it  was  agreed  that  the  candidates  should  be  balloted  for  that 
'evening. 

Messrs.  J.  Fair£six  and  E.  Scott  were  appointed  scrutineers  of 
the  ballot.    * 

Ikmations  to  the  Library  were  announced  as  having  been 
received*  since  the  last  meeting  from  Messrs.  GaBsell  &  Go. ;  Messrs. 
E.  &  F.  N.  Spon;   Prof.  BoHnson,  Member;   and  Mr.  A.  P. 
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Trotter,  Member;  to  whom  the  thanks  of  the  meeting  were  duly 
accorded. 

The  P&ESIDENT :  I  have  to  announce  that  the  Council  have 
made  their  first  award  of  the  Salomons  Scholarship,  value  £35,  to 
Mr.  C.  H.  C.  Woodhouse,  a  matriculated  second-year  student  in 
the  Department  of  Electrical  Engineering  at  the  Central  Institution. 

The  following  paper  was  then  read  : — 

ELECTRICAL  DISTRIBUTION  BY. THE  NEWCASTLE-ON- 
TYNE   ELECTRIC   SUPPLY   CO.,   LIMITED. 

By  A.  W.  Heaviside  and  R.  C.  Jackson,  Members. 

Preliminary. 

The  town  of  Newcastle  is  supplied  with  electrical  energy  by 
two  companies,  operating  different  districts,  and  distinct  from 
one  another.  These  are  the  Newcastle  and  District  Company, 
using  Parson's  turbines,  supplying  the  southern  and  western 
portions  of  the  town,  and  the  Newcastle  Electric  Supply  Co.  (the 
company  with  which  we  are  connected),  supplying  the  northern 
and  eastern  portion. 

This  paper  deals  with  the  distribution  of  electrical  energy  by 
the  Newcastle-on-Tyne  Electric  Supply  Co.,  Pandon  Dene,  it  being 
thonght-that  the  members  of  the  Institution  would  find  interest' 
in  an  aceoont  of  the  methods  of  working,  and  of  the  technical  and 
financial  results  obtained  during  the  first  financial  year  of  the 
company's  operations. 

The  system  employed  is  a  high-pressure  one  of  2,000  volts, 
alternating  current,  with  separate  transformers  in  the  consumers 
premises,  the  price  charged  being  4^.  per  Board  of  Trade  unit. 

The  company  was  formed  on  the  7th  January,  1889.  Some 
questions  having  been  raised  upon  legal  points  by  the  local 
authorities,  the  whole  of  1889  was  employed  in  negotiating  the 
Uoense.  These  negotiations  were  more  prolonged  than  usual, 
and  it  was  not  xmtil  the  dose  of  November  that  a  provisional 
anaiDg«iiient  was  entered  into,  enabling  the  company  to  proceed 
with  the  street  works  in  anticipation  of  the  Board  of  Trade  Ikense, 
which  was  not  received  until  Msorch  21st,  ];890. 
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Site. 

Eligible  sites  for  the  establishment  of  a  central  station  were 
.    found   to   be   limited   in  number;    however,   at  Pandon  Dene, 
some  vacant  land  was  eventually   selected,  which  appeared  to 
have   some   advantages  in  its   favour,  amongst   others  that  of 
being   in   a    very  central    position.      The   business   quarter   is 
to  the   south   and  the  residential  quarter  to   the  north,  thus 
facilitating '  the    whole    of    the    company's    operations     being 
transacted  from  one  point.    The  site  is  also  alongside  the  sidings 
of  the  Blyth  and  Tyne  branch  of  the  North  Eastern   Bailway, 
which   taps  the  Northumberland   steam  coal  field.       There  is 
ample  room  for  extension,  as  the  company's  land  occupies  a  space 
about  127  feet  wide  and  436  feet  long,  parallel  with  the  railway. 
The  absence  of  dwelling-houses  in  the  immediate  vicinity  of  the 
works  avoids  diflSculties  which  might  arise  from   the  vibration 
caused  by  machinery  in  motion.     Against  these  advantages  must 
be  set  the  want  of  cheap  water  for  condensing  purposes.     The 
"  supply  company's  "  water  is  taken  from  the  intermediate  service 
of  the  local  water  company,  the  average  cost  per  1,000  gallons  being 
9*78  pence. 

BmLDINGS. 

The  dominant  idea  in  laying  out  the  station  buildings  was  to 
so  arrange  them  as  to  reduce  any  reconstruction  to  a  minimum  ; 
the  erection  of  each  successive  section  being  carried  out  without 
interruption  or  disturbance  to  the  plant  already  fixed.     At  the 
present  time,  two  sections  have  been  built,  enclosing   a  space 
119  feet  by  74  feet  by  13|  feet  high  to  the  top  of  the  girders. 
This  space  is  covered  by  means  of  a  light  iron  lantern  roof, 
supported  upon  wroughtp-iron  girders  and  cast-iron  pillars,  resting 
on  concrete  footings.    The  openings  between  the  pillars  are  filled 
up  with  common  brick,  lined  on  the  inside  of  the  engine  and 
dynamo  room,  to  about  7  feet  6  inches  high,  with  varnished  pitch 
pine.    A  brickwork  partition  separates  the  boiler  house,  which  is 
74  feet  long  by  55  feet  wide,  from  the  engine  and  dynamo  room, 
74  feet  by  63  feet  6  inches.     Two  chimney-stacks  have  been 
bnilt,  one  at  either  end  of  the  main  boiler  flue,  which  runs  along 
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the  boUer  house  side  of  the  partition  wall.  One  chimney  has  a 
sectional  area  at  the  top  of  30  square  feet,  and  is  85  feet  high ; 
the  other  chimney  measures  23*5  square  feet  at  the  top,  and  is 
110  feet  high.  Great  care  had  to  be  taken  with  the  foundations, 
as  the  natural  bed  is  no  less  than  75  feet  below  the  present 
ground  level,  the  intervening  soil  being  made  ground. 

Contents  of  Buildings. 

The  station  at  present  contains  plant  capable  of  a  total  output 

of  600  kilowatts,  in  the  following  units  :— 

1  250-kilowatt  alternator; 

3  100-kilowatt  alternators; 

1    50-kilowatt  alternator ; 

each  machine  being  rope-driven  by  means  of  a  separate  engine. 

The  year's  operations  dealt  with  in  this  paper  were,  however, 

carried  out  by 

3  100*kilowatt  alternators,  and 

1  37j^-kilowatt  alternator. 

The  plan  and  elevation  (Figs.  1  and  2,  Plate  1)  show  the 

general  arrangement  of  the  machinery  in  the  station,  which. 

consists  of — 

Three  Donble>flaed  LancaBhire  Boilers, manufactared  by  Measn.  Bobey  &  Co., 

Lincoln. 

General  Particulars, 
Working  pressare,  120  lbs.  per  sqaare  inch ;  all  plates  of  the  best  Siemens- 
Martin  mild  steel;  diameter  of  shell,  7  feet;  length  of  boiler,  28  feet;  boUer 
shell  plates,  -^  inch  thick ;  fine  plates,  -fg  inch  thick ;  end  plates,  |  inch  thick ; 
number  of  fines,  two ;  diameter  of  fines,  2  feet  9  inches ;  12  Galloway  tubes ;  heating 
snrface,  750  sqnare  feet ;  grate  area,  88  square  feet.  Two  of  these  boilers  have 
been  fitted  with  Messrs.  Bennis's  mechanical  stokers,  and  one  of  them  with  Messrs. 
Jafl.  Proctor's  stoker.  The  figures  of  a  test  with  these  stokers  will  be  given  later 
in  the  paper.  N.B. — ^Two  additional  boilers  have  been  fixed  for  the  extensions 
now  proceeding,  fitted  with  Proctor's  stokers. 

Engines  and  Dynamos. 

1  Vertical  Compound  Engine  by  Bobej  &  C!o. 

General  Particulars. 

Cylinders,  11  inches  and  18  Inches  diameter,  bj  12  inches  stroke ;  speed,  200 

revolutions  per  minute;    fiy-wheel,  6  feet  diameter,   grooved  for  eight  1  inch 

ropes;  power,   economical  load,  75  indicated  H.P.,  with  110 lbs.  steam  pressure 

at  the  engine  stop-valve.    The  engine  is  fitted  with  automatic  expansion  gear^  and 
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with  Merer't  adjiutable  cnt-off  on  the  L.F.  cylinder.  This  engine  driTes  a  37)- 
kilowatt  Mordey-Victoria  alternator  with  an  E.M.F.  of  2,000  Yolts  effective  at  a 
speed  of  650  revolutions  per  minnte. 

8  Compound  Horizontal  Fixed  Engines  by  Messrs.  Robey  &  Co. 
General  Particutara. 
Cylinders,  16  inches  and  26)  inches  diameter,  by  36- inches  stroke,  fitted  with 
the  Rowland-Richardson  trip  yalve  gear ;  speed,  73  revolutions  per  minute ;  fly- 
wheel, 15  feet  diameter,  grooved  for  12  1)  inches  ropes ;  weight  of  fly-wheel, 
5  torn.  N.B.— The  fly-wheels  are  being  weighted  with  an  additional  5  tons  each. 
Power,  economical  load,  175  I.H.P.;  maximum  working  load,  240  I.H.P.,  with 
110  lbs.  pressure  of  steam  on  the  engine  side  of  the  stop-valye. 

These  engines  each  drive  a  100-kilowatt  Mordey-Yictoria 
alternator  at  a  speed  of  430  revolutions  per  minute. 

Each  alternator  (Figs.  3  and  4,  Plate  2)  is  excited  independently 
by  means  of  an  exciter  connected  direct  to  the  alternator  shafts. 
Another  engine  of  the  same  class  has  lately  been  erected  for  the 
purpose  of  driving  a  250-kilowatt  Mordey-Victoria  alternator. 

General  Particulars* 
Cylinders,  19^  inches  and  88  inches  diameter,  by  40  inches  stroke ;  speed,  70 
roTOlutions  per  minute ;  fly-wheel,  17  feet  diameter,  grooved  for  18  1}  inch  ropes ; 
weight  of  fly-wheel,  15  tons.     Power,  economical  load,  400  I.H.P. ;  nrn^^im^m 
load,  500 1.H.P.;  with  110  lbs.  of  steam  on  the  engine  side  of  the  stop-valve. 

Water-Feed  Apparatus. 

One  Glo'ster  Duplex  Pump,  to  throw  800  gallons  per  hour.  Two  Holdea  & 
Brooke's  Exhaust  Injectors,  fitted  with  auxiliary  live-steam  nozzles,  each  delivering 
600  gallons  per  hour  at  about  170°  Fah.  One  additional  injector,  as  above,  for 
the  plant  extensions  now  going  on. 

Switch-Board. 

Several  forms  of  high-tension  switches  have  been  tried,  but 
none  have  been  found  quite  satisfactory.  A  permanent  switch- 
board is  now  being  designed  to  suit  the  company's  requirements. 

Use  of  Plant. 

For  the  light  day  and  night  load,  the  high-speed  vertical 
engine  is  employed,  the  other  machinery  being  brought  into  use 
as  the  service  requires.  The  circuits,  four  in  number,  are  coupled 
together  or  separated,  as  the  load  varies. 
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Distribution. 

The  electrical  energy  is  distributed  by  means  of  four  main 
circuits  of  concentric  cable,  insulated  with  vulcanised  rubber, 
drawn  into  cast-iron  pipes,  of  which  nearly  10  miles  have  now 
been  laid.  The  streets  served  by  the  mains  are  shown  on  the 
town  map. 

The  point  of  farthest  supply  fixan  the  generating  station  is 
just  under  2|  miles. 

The  system  adopted  is  that  of  one  pipe,  one  cable,  and  means 
are  provided  at  the  street  boxes  by  which  the  service  may  be 
treated  either  as  a  radial  one  or  as  a  network,  without  disturbance 
to  the  insulation. 

Cables. 

The  inner  and  outer  conductors  of  the  concentric  cables  are 
separated  at  each  junction  or  lead-in,  and  are  terminated  by 
means  of  metallic  washers,  which  are  screwed  down  and  clamped 
together  on  porcelain  insulators.  The  system  of  mains  is  thus 
quite  flexible,  and  changes  in  connections  are  made  as  easily  and 
expeditiously  as  at  a  Post  Office  test  box. 

Street  Boxes. 
The    street   boxes  are  built  of  brick,  set  in  cement,  and 
protected  from  surface  leakage  by  double  cast-iron  covers. 

Transformers. 
The  transformers  employed  are,  in  general,  those  of  the 
Elwell-Parker  design,  varying  in  capacity  from  1  to  10  E.H.P., 
and  are  usually  placed  in  cellars,  upon  the  premises  of  the 
individual  consumers.  The  Mordey,  Eapp,  Swinburne,  and  Tyne 
transformers  are  being  experimented  with. 

Meters. 

The  "  Shallenberger "  is  in  general  use,  with  some  Aron, 
Ferranti,  Thomson-Houston,  and  Frager  meters  under  trial. 

Working  Results. 
As  already  stated,  the    company  did    not   commence    the 
supply  of  electrical  energy  until  1890,  and*  then  only  experi- 
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mentally.  It  was  simply  a  year  of  construction  and  organisa- 
tion. Nevertheless,  the  progress  diagram  (Fig.  6,  Plate  3) 
which  accompanies  this  paper  cannot  &il,  it  is  thoaght,  to 
be  of  interest^  as  showing  the  comparative  rapidity  with 
which  the  service  developed  within  the  area  of  the  city 
covered  by  the  operations  of  this  company,  so  soon  as  the 
preliminary  delays  were  overcome.  Commencing  from  the 
1st  January,  1891,  it  will  be  seen  that  by  the  end  of  the 
year  the  lamps  installed  equalled  4319000  watts  =  14,400 
30-watt  lamps,  rising  from  253,000  at  the  beginning  of  the 
year,  or  a  mean  of  342,000  watts.  During  the  year  244,470 
units  were  metered  at  the  consumers'  premises.  The  units 
metered  at  the  station  amounted  to  327,821,  showing  a  loss 
from  all  causes  in  distribution  of  25*4  per  cent.  Dividing  the 
total  watt-hours  sold  during  the  year  by  the  mean  capacity 

in  watts  installed,  we  get  a  result  of  — *  <U2  00Q* —  =  '^l^ 

as  the  average  lighting  hours  per  annum.  That  is  to  say,  our 
annual  output  was  equivalent  to  running  all  the  lamps  installed 
for  714  hours — ^practically  2  hours  per  day  -per  lamp — the  net 
revenue  per  lamp  working  out  at  78.  6d. 

Character  and  Class  of  the  Installations. 

With  the  exception  of  the  Post  OflSce  and  the  Public  Library, 
the  installations  are  small  rather  than  large,  there  being  no 
hotels  and  few  restaurants,  but  mainly  shops,  offices,  and  private 
houses;  the  net  result  being  a  low  load  factor  of  8*16  per  cent. 
By  the  term  **  load  factor  "  we  mean  the  ratio  of  the  units  sold  to 
the  units  that  could  be  sold  if  all  the  lamps  were  always  on. 

^,         Metered  watt-hours  x  100 

'  Mean  watts  installed  x  number  of  hours  in  the  year 
_  244,470  X  1,000  X  100_^.^o, 
""         342,000  X  8,760       -  °  ^^  /o  • 

Price. 

The  price  charged  by  the  company  has  been  described  as  the 
"  phenomenally  low  one  of  4Jd.  per  B.T.U."  (less  5  per  cent,  dis- 


Digitized  by 


Googk 


1892.]  ELECTRICAL  DISTEIBUTION,  Etc.  481 

connt).  With  gas  costing  only  Is.  lOd.  (less  10  percent,  discount) 
per  1,000  cubic  feet,  it  is  quite  evident  that  whatever  advantages 
the  electric  light  possesses  over  gas,  it  would  be  difficult  to  obtain  a 
higher  price  than  4j^d.  Believing  that  at  this  price  a  profit  could 
be  earned,  we  recommended  the  company  to  charge  this  low 
figure,  and  we  may  say  that  our  anticipations  have  been  realised. 
The  problem  wasj  therefore,  how  to  produce  tho  unit  at  a  low 
cost,  and  to  obtain  custom  in  sufficient  amount  to  earn  a  fair 
dividend  upon  capital  invested. 

N.B. — It  may  be  objected  that  the  period  of  work  upon  which 
this  statement  is  made  is  too  limited  to  inspire  confidence ;  but  we 
venture  to  think  that,  once  having  overtaken  our  establishment 
charges,  the  commercial  prospect  will  improve  rather  than  the 
reverse. 

Cost  of  PfiODucnoN :  Coal. 

The  company  uses  small  steam  coal,  supplied  and  delivered  by 
the  Gosforth  and  West  Moor  Coal  Company  at  the  average  price, 
over  the  year,  of  5s.  lOd.  per  ton. 

Since  2,300  tons  of  coal  were  used,  the  quantity  of  coal  burnt 

per  unit  sold  amounted  to    *  94.4.4.70 —  ~  21-074  lbs.,  at  a  cost 

of  0*663  of  a  penny. 

It  is  to  be  'noted  that  this  coal  bill  includes  all  consumption 
for  trial  runs  of  new  plant,  various  testing  work,  banking  and 
making  up  of  fires,  steam  heating  to  offices,  and  for  all  other 
purposes. 

We  consider  that  it  would  be  interesting  and  of  value  if  a 
relation  could  be  established  between  the  result  as  given  above 
and  the  results — 

1.  If  a  standard  Welsh  coal  had  been  used ; 

2.  With  water-tube  boilers,  burning  small  steam  coal,  with 

mechanical  stokers ; 

3.  With  water-tube  boilers,   burning  Welsh  coal,   both   2 

and  3  being  worked  under  the  same  conditions  with 
respect  to  the  load  factor  as  in  our  own  case. 
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For  the  purpose  of  fadlitating  such  a  comparison,  we  giire 
analyses  of  Webh  coal  and  of  that  nsed  hy  ns — 


Welsh  Coal. 

GosforthandWestMoor. 

Carbon  ...         

14-500  X  -84 

14-500  X  -649 

Hydrogen          

62-032  X  (-046-^ 

62-032  X  (-053-^) 

Sulphur...         

4-032  X -015 

4-032  X  -0124 

Ash,  percent 

4-9 

13-44 

Heat  units         

14,833 

11,300 

Theoretical   evaporative 
efficiency  in  pounds  of 
water  from,andat212° 
Fah.,   deducting  ash 
in  both  cases 

15-45 

11-75 

Or  including  ash         ... 

14-69 

10-17 

as  the  theoretical  value  per  pound  of  coal,  showing  a  difference 
in  favour  of  Webh  coal  of  31  per  cent.  It  may  here  be  remarked 
that  the  difference  in  price  between  the  best  Newcastle  steam 
coal,  and  that  used  by  us,  for  the  period  under  review,  was  one- 
half. 

It  is  quite  evident  from  the  foregoing  analyses  that,  in  order 
to  compare  our  results  as  to  weight  of  coal  per  unit  sold  with 
London  figures,  a  fair-sized  divisor  would  be  required.  Our 
want  of  su£Scient  data  does  not  enable  us,  unfortunately,  to  state 
what  that  divisor  ought  to  be.  We  are  in  hopes  of  being 
enlightened  on  that  point  during  the  discussion  on  the  paper. 

Water  Account. 

All  the  water  consumed  at  the  station  for  all  purposes  was 
measured  by  a  Kennedy  water  meter,  which  registered  2,922,000 
gallons  for  the  year.  To  arrive  at  the  amount  of  the  water 
evaporated,  a  deduction  of  10  per  cent,  is  made  to  allow  for 
such  items  as  washing  out  and  filling  up  of  boilers,  cleaning 
down  lavatories,  buildings,  &c.    The  allowance  being  made,  we 
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hai^By  as  the  total  water  evaporated  to  steam,  2,629,800  gallons, 

.                      ..                    .^       , ,      .   2,629,800  X  10 
or  a  water   consumption  per  unit  sold  of  -^ —  ..  .  ^ = 

107-5  pounds,  at  a  cost  of  0*1053  of  a  penny  per  unit  generated, 
or  at  the  station  =  107*5  x  0*75  =  80*63  pounds. 

The  average  evaporation  of  the  boilers  thus  becomes — 
Pounds  of  water  per  unit  sold  __  107*5    _  ^     „ 
Pounds  of  coal  per  unit  sold     ""  21*074  ~ 

We  have  obtained  an  evaporation  of  from  7  to  8  pounds  of 
water  per  pound  of  coal  with  the  boilers  working  under  the 
best  conditions ;  the  difference,  7*5  —  5*1  =  2*4  lbs.,  is  accounted 
for  principally  by  banking  of  fires  at  times  of  low  load  and 
heating  up  of  standing  engines. 

Oil. 

Oil  averaged  0*0014  gallons,  at  a  cost  of  0*044  of  a  penny 
per  unit  sold. 

Waste,  Sweat  Cloths,  and  Sundry  Stores. 
These  work  out  at  0*055  of  a  penny  per  unit  sold. 

Sepairs. 

Bepairs  to  buildings  and  plant  at  the  station  amount  to  0*2480 
of  a  penny  per  unit  sold.  This  sum  includes  everything  necessary 
to  maintain  the  machinery  at  its  full  efficiency,  and  also  to  carry 
out  some  small  alterations  that  experience  suggested  for  the 
improvement  of  the  plant. 

Labour  and  Supervision. 

It  is  found  that  at  the  period  of  maximum  load  the  staff 
necessary  to  run  three  200-H.P.  engines  and  three  100-unit 
alternators  consists  of  1  station  assistant,  1  engine-driver,  and 
1  stoker. 

Three  sets  of  men  are  employed,  arranged  in  shifts  of  eight 
hours  each,  with  one  hour  overlap  for  cleaning,  oiling,  &c.  The 
cost  of  the  service,  inclusive  of  proportions  of  the  manager's  and 
secretary's  office  charges,  works  out  at  1*9462  pence  per  unit  sold. 

The  cost  of  all  service  external  to  the  station  over  nearly  10 
miles  of  mains,  leads-in,  transformers,  meters,  &c.,  is  0*2817  of 

Digitized  by  LjOOQ IC 


484  ELECTRICAL  DISTRIBUTION,  Etc.  [May  26th, 

penny.    To  these  figures  have  to  be  added  the  general  charges, 
which  amount  to  0*6807  of  a  penny. 
Summarising  the  cost,  we  have — 


d.           d. 

Coal      ,., 

•••         ••• 

••• 

0-663 

Oil 

•••         ••• 

••• 

0-0440 

Petties  ... 

•••         ••• 

•  •  • 

0-0579 

Water   ... 

•  • •         ••  • 

••• 

0-117    :  0-8819 

Eepairs... 

• • •         •••  * 

••• 

0-2480 

Labour  an 

d  supervision 

••• 

0-8163  :  1-0643 

1-9462 

External 

•••         ••• 

*•• 

0-2817 

General 

(rent,    rat^s,    taxes, 

law,  8 

undry  expenses) 

••• 

0-6807  :  0-9624 

2-9086  per  unit 
>s-a^=B-s         iiold. 

CAPrTAL. 

When  the  capital  accoimt  is  closed  for  the  works  in  progress, 
it  is  estimated  that  for  each  kilowatt  installed  an  'expenditure  of 
£50  will  have  been  incurred.  This  result  will  in  all  probability 
be  reached  by  the  end  of  the  present  year,  when,  as  shown  by 
the  progress  diagram,  the  plant  erected  will  be  capable  of 
working  at  600  kilowatts,  or  of  dealing  with  800  kilowatts  wired, 
leaving  one-fifth  reserve  plant. 

Plant  Efficiency. 

We  shall  now  consider  some  of  the  points  in  connection  with 
the  plant  efficiency,  it  being  always  borne  in  mind  that  the 
results  actually  obtained  are  over  a  period  of  12  months,  with 
a  mean  load  factor  of  8-16  per  cent. 

Boilers. 

With  a  view  to  the  economising  of  labour,  and  to  abate  the 
smoke  nuisance  as  far  as  possible,  the  boilers  were  fitted  with 
mechanical  stokers,  as  already  stated.    The  following  is  a  table 
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showing  the  result  of  a  test  between  the  two  classes  of  stokers 
now  in  use : — 

Stoker  Tests j  July  5th  and  ISth,  1891. 


Descbiption  op 

FUIHQ. 

Time  in  Hours. 

Gallons  of 

Water 
Evaporated. 

Coal  Ckwsnmed 

in 

PonndB. 

Pounds  of  Water 
Pound  of  Coal. 

Per  Pound  of 

Combustible. 

From,  and  at 

212°  Fab. 

Bennis  stoker  and  bars 

H 

1,750 

2,492 

7-02 

8-29    , 

Proctor      „           „ 

H 

1,920 

2,352 

8-16 

9-64 



9-7% 

6% 

16-2% 

In  fkvoiir  of 
Procfors 
stoker. 

We  have  found  the  boilers  supplied  to  us  to  be  each  capable  of 
generating  steam  for  240  I.H.P.  at  the  engine  cylinders  without 
undue  forcing. 

The  boilers  are  generally  fed  through  exhaust  steam  injectors,, 
assisted  by  auxiliary  live-steam  jets,  the  average  temperature  of 
the  feed  water  being  about  170®  Fah. 

To  bank  one  of  these  boilers,  keeping  steam  at  from  80  lbs. 
to  90  lbs.  pressure,  requires  35  lbs.  of  (Gosforth)  coal  per  hour, 
costing,  say,  one  penny. 

Water. 

The  water  used  is  of  a  medium  quality,  having  15**  of  hardness. 

Engines, 

The  engines  are  fitted  with  steam  jackets  in  both  the  higk- 
pressure  and  low-pressure  cylinder.  The  steam,  on  its  way  to  the- 
low-pressure  cylinder,  passes  through  an  intermediate  receiver, 
where  its  temperature  is  raised,  and  probably  some  of  the 
contained  water  re-evaporated  to  steam,  by  means  of  a  coil 
of  piping,  through  which  a  passage  of  live  steam  is  maintained.    ' 

Fig.  6  (Plate  4),  and  Figs.  7  and  8  (Plate  2),  are  diagrams  of 
work  done  by  the  engines  at  varying  loads. 

We  find  as  the  average  of  a  large  number  of  indicator 
diagrams  that  202  I.U.P.  are  required  to  drive  a  100-kilowatt 
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Mordey-Victoria  alternator  at  full  load ;  the  losses  from  friction 
and  other  causes  being  68  I.H.P.  which  we  analyse  as  follows  :— 

Engine  friction  27*5 

Back  pressure  on  L.P.  cylinder         11*0 

xCopes  •••         •••         •••         •••         •••         •••         If  4 

Dynamos         •••         •••         •••         ••%         •••  7*75 

Excitation        4.6  =  68 

]Mr.  Crompton,  in  his  paper  read  before  the  Institution  of  Civil 
Engineers,  gave  a  figure  of  84  per  cent,  to  85  per  cent,  as  an 
eflSciency  which  had  been  obtained  in  practice  with  oontinaous- 
-current  steam  dynamos  at  full  load.  , 

The  above  analysis  enables  us  to  see  how  far,  and  where,  we 
•depart  from  the  efficiency  mentioned  by  Mr.  Crompton, 

If  we  add  the  rope  losses  to  the  E.H.P.  and  divide  by  the 
total  I.H.P.,  we  obtain  the  following : — 

134  +  17-4  _  >jr  - 

202  *"         '° 

To  this  percentage  we  add  the  extra  efficiency 

of  the  continuous  current  dynomo  (as  given)...        =    4  % 

Leaving  a  difference  of        =    5  % 

To  be  accounted  for  to  come  up  to  Mr.  Crompton's 

figure  of 84  % 

Dynamos. 

The  directors  have  been  much  pleased  with  the  satisfGu^tory 
reports  which  have  come  in  from  the  consumers  regarding  the 
steadiness  of  the  light,  which  is  in  part  due  to  the  good  govern- 
ing of  the  engines,  and  to  the  incidental  advantage  that  the 
Mordey-Victoria  alternators  possess  in  the  momentum  acquired 
by  the  revolving  field  magnet. 

Improvements  are  being  introduced  as  suggested  by  ex- 
perience, and  the  250-unit  alternator  now  in  course  of  erection 
is  fitted  with  an  outer  bearing.  The  mechanical  construction  of 
the  armatures  also  improves  with  each  succeeding  make.  The 
oiling  arrangements,  by  means  of  small  pumps  driven  bom  the 
:  alternator  shafts,  have  proved  very  effective. 
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We  find  the  efficiency  of  the  100-kilowatt  Mordey-Victoria 
alternator  to  work  out  at — 

E.H.P.  _      134     _  Qj^,^  0/, 

B.H.P.         146-35  ^°' 

which  result,  we  believe,  agrees  within  ^  %  with  that  given  by  the 
Brash  Company. 

Station  Output  and  Efficiency. 

The  E.M.F.  of  the  dynamos  is  measured  by  Cardew  volt- 
meters, and  the  current  by  means  of  Evershed  ammeters,  the 
readings  being  taken  every  half-hour  and  posted  in  the  engine 
room  day-book.  The  correctness  of  the  various  ammeters  is 
checked  from  time  to  time  by  comparison  with  a  Siemens 
dynamometer,  which  is,  again,  checked  in  the  laboratory  of  the 
local  College  of  Science.     The  principal  data  are  as  follows  : — 

Units  metered  at  the  consumers' 244,470 

Station  units  *       327,821 

Loss  in  distribution  25*4  % 

Total  running  hours  at  the  station          ...  7,504 

LH.P.  hours  939,500 

A              TTi-D  939,500      ,^^^ 

Average  LH.P ^—^  I       =  125-2 

327  821 
Units  per  running  hour  (at  the  station)        ^        =  43*686 

Average  watts  per  LH.P.  '^  =  348 

Weight  of  water  per  hour  per  I.H.P.,  in- 
clusive of  radiation  and  condensation 
,  2,629,800  X  10      ^^  ^,  „ 

^^««^ 939,500        =  ^''^^  ^^'- 

Average  commercial  efficiency  of  engines 

,  ,  Total  E.H.P.  for  the  year     ,  ^^     ^  ^  ^ ., 

and  dynamos    „,-     ,  ,^^  .     .,    •^-    x.lOO=46*6'^ 
•^  Total  I.H.P.  for  the  year  ^^  , 

Parallel  Working. 

Triab  have  been  made  to  work  in  parallel,  with  only  a 
partial  snpcess.  The  trials  called  attention  to  the  varying 
angular  velocity  of  the  engine  fly-wheels,  due  to  the  early  and 
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quick  cut-oflF  of  the  trip  valve  gear.  We  hope  to  obtain  success- 
ful results  by  increasing  the  weight  of  the  fly-wheels,  which  work 
is  now  in  progress ;  also  by  increasing  the  elasticity  of  the  drive 
by  the  use  of  spring  pulleys  arranged  on  the  principle  of  the 
transmission  dynamometer,  in  place  of  the  ordinary  pulley.  As  a 
uniform  turning  effort  is  the  end  to  be  aimed  at,  we  believe  that 
the  steps  we  are  taking  will  accomplish  that  result. 

Distribution. 

The  installations  on  the  consumers'  premises,  as  shown  in  the 
progress  diagram,  amounted  to  431,000  watts  on  December  31st, 
1891.  The  nominal  transformer  capacity  supplying  the  above 
was  391,000  watts,  or  an  excess  of  installed  watt  capacity  to 
transformer  provision  of  9  per  cent.  The  percentage  of 
excess  has  been  reduced  by  the  recent  extension  of  small  shop- 
lighting,  &c. ;  it  had  previously  been  run  up  to  as  high  as 
25  per  cent. 

The  object  we  had  in  doing  this  was  to  keep  the  average 
transformer  efficiency  as  high  as  possible,  and  at  the  same  time 
to  avoid  undue  fall  of  pressure  in  the  service.  That  this  course 
may  be  safely  carried  out,  if  we  discriminate  between  those 
consumers  who  bum  all  their  lamps  simultaneously  and  those 
who  never  by  any  chance  do  so,  is  supported  by  an  examination 
of  the  progress  diagram.  It  will  be  observed  that  the  average 
proportion  of  lamps  lighted  at  any  one  time,  to  lamps  installed^ 
is  about  45  i)er  cent.  Taking  the  extreme  case  on  the  sheet-, 
we  have  a  proportion  of  28  per  cent,  excess.  We  find  the 
average  lighting  hours  per  annum  of  the  various  classes  of  con- 
sumers on  the  company's  mains  to  be  as  follows : — 

Restaurants.  Shops.  Offices^  Private  Houses. 

1,563  459  499  344 

As  previously  stated,  the  distribution  losses  from  all  causes 
average  25-4  per  cent,  over  the  year.  The  loss  is  incurred  from 
two  sources — transformer  and  line  losses.  Weekly  observations 
are  taken,  by  means  of  Lord  Kelvin's  milliampere  meter  and  a 
low-reading  Siemens  dynamometer,  for  the  purpose  of  checking 
and  comparing  these  losses. 
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Summary. 
Summarised,  the  chief  results  embodied  in  this  paper  are — 

1.  Load  factor  las  per  definition,  page      ) 8-16  % 

2.  Loss  in  distribution           ^      25-4% 

3.  Average  lighting  hours  per  annum           714 

4.  Coal  bill  per  unit  sold        21-074  lbs. 

5.  Water  =  107*5  +   10%   for  water  deducted  for 

efficiency  results  118-2 

6.  Pounds   of  water  evaporated  per  pound  of  coal, 

banking,  &c.,  inclusive  5-1  lbs. 

7.  Water  consumption  per  LH.P.-hour        27-91  lbs. 

8.  Engine  and  dynamo  average  efficiency     46*6  % 

General  Ck)NCLusiONS. 

Much  discussion  has  taken  place  on  the  merits  of  the  various 
methods  of  supply.  We  have  had  to  consider  the  matter  from  a 
purely  conunercial  point  of  view,  having  regard  only  to  giving  an 
efficient  service,  at  the  least  cost,  and  quite  without  prejudice  in 
fevour  of  any  particular  system  or  mode  of  working. 

That  the  results  have  been  obtained  by  the  use  of  separate 
transformers  in  the  consumers'  premises,  without  a  secondary 
network,  by  machinery  constantly  running,  with  no  storage 
except  the  coal  heap,  gives  some  ground  for  believing  that  in 
alternating-current  distribution  there  exists  a  means  of  supplying 
the  public  with  electric  energy,  and  of  meeting  Parliamentary  and 
other  obUgations,  at  a  price  which  is  satisfactory  to  the  public,  and 
affords  investors  a  reasonable  interest  on  their  capital. 

It  may  be  stated  to  those  interested  in  sub-transformer 
station  distribution  that  the  average  losses  in  direct  distribution 
owr  thi8  year  have  been  reduced  from  25-4  per  cent,  to  20*5  per 
cent.,  and  as  the  load  increases  it  is  hoped  that  further  reduc- 
tions will  take  place.  Also,  the  cost  of  the  unit  sold  equals 
^•51  pence,  which  includes  aU  charges. 

Mr.  B.  E.  Crompton  :  The  authors'  paper  is  a  welcome  addition  ^ 
^  our  stock  of  data^  as  it  gives  us  for  the  first  time  a  fair  idea  of  the  ^^^"^p**"- 
actual  cost  of  producing  and  distributing  electrical  energy  by  the 
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crom  ton  "^^^  ^^^  °^^^*'  modem  forms  of  alternating  plant.  The  first  point 
that  occurs  to  me  is  that  the  method  of  calculating  the  efiB^ciency 
of  distribution  is  open  to  doubt.  I  think  Dr.  Fleming,  or  any  of 
our  highest  authorities  on  this  subject,  will  agree  with  me  that 
the  station  output  in  units  generated  cannot  be  obtained  by 
multiplying  together  the  virtual  volts  and  virtual  amperes,  as  has 
been  done  in  the  paper.  I  am  sure  that  the  25  per  cent,  loss  in 
distribution  given  in  the  paper  is  too  low  a  figure — ^that  is  to  say, 
if  it  includes  all  losses  in  the  consumers'  meters  as  well  as  the  use 
of  electricity  by  the  company  itself.  My  criticism  on  this  point 
will  not,  however,  aflfect  my  subsequent  remarks,  as  I  am  glad  to 
see  that  the  authors  have  very  properly  taken  out  all  the  costs  at 
per  unit  sold.  Turning  to  these,  I  do  not  propose  to  discuss  the 
two  items  of  repairs  and  general  charges,  although  I  congratulate 
the  authors  on  their  being  able  to  reduce  them  to  the  low  figure 
given ;  but  these  figures  are  no  criterion  as  to  what  they  will  be 
in  the  future,  and,  moreover,  cannot  be  easily  brought  in  oomparisoo 
with  corresponding  charges  of  other  companies  employing  similar 
or  different  systems.  The  costs,  however,  which  are  of  great 
interest  and  can  be  usefully  discussed,  are  those  relating  to  fdel, 
water  and  petty  stores,  labour  and  superintendence.  The  authors 
have  been  at  great  pains  to  supply  us  with  the  means  of  making 
a  comparison  between  the  coal  duty  given  in  the  paper  and  that 
of  the  London  supply  companies,  who  have  for  some  time  been 
publishing  their  results.  I  think,  however,  that  they  may  have 
saved  themselves  the  trouble  of  supplying  us  with  the  analysis  of 
*  the  fuel,  as,  after  all,  they  themselves  give  a  far  better  means  of 
comparison,  namely,  in  the  consumption  of  water  used  per  unit 
sold :  they  give  this  at  107*8  lbs. 

I  find,  on  turning  to  the  accounts  of  several  companies  with 
which  I  am  connected,  that  60  lbs.  per  unit  sold  is  fairly  represent 
tative  of  the  consumption  of  water  by  the  best  London  companies 
using  the  direct  current,  and  that  with  the  boilers  used  ia 
London  8*2  lbs.  of  Welsh  coal,  costing  24s.  a  ton,  was  used  to 
evaporate  this  quantity  of  water.  The  cost  for  coal  in  London, 
therefore,  may  be  taken  at  l-06d.  per  uni^  sold;  and  if  the 
Newcastle  figure  be  increased  in  the  proportion  of  60  to  107*8, 
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it  makes  the  Newcastle  figure  l'88d.       I  can  now  fill  in  the  Mr 

.    .  °  Cromptoo« 

remaining  figures,  so  that  you  may  have  them   before -you  for 
purposes  of  comparison. 


LOKDON  CoMPANlBa. 

(Direct  Current) 
Lbs.  of  water  per  unit  sold  ...     60 

Nbwcastlb  Compant 
(Alternating.) 

107-8 

„      coal         „         „         ...       8-2 

Coets. 
Coal,  at  24s l-06d. 

••• 
••• 

14-6 
Costs. 
1-88 

Oil,  petty  stores,  and  water ...       0*1 7 

•  a. 

0-219 

Labour  and  superint/endence         I'lO 

•  •• 

•  •• 

1-10 

2-33 

3-20 

These  comparative  figures  show  that  the  system  used  at  New- 
castle costs  40  per  cent,  more  than  the  direct  system  used  in 
London.  If  the  comparison  errs  at  all,  it  errs  in  being  rather  too 
favourable  to  the  Newcastle  system,  especially  under  the  heading 
of"  Labour  and  superintendence."  I  am  by  no  means  satisfied  that 
the  figure  l*ld.  per  unit  for  all  labour  and  supervision  is  a 
sufficient  one.  The  sum  expended  inside  the  station  apparently 
is  £830,  equal  to  about  £16  15s.  a  we^k.  The  authors  state  that 
this  sum  is  divided  between  superintendence  and  the  wages  of 
three  shifts  of  men.  In  whatever  way  it  is  divided,  it  will  be 
seen  that  it  leaves  a  very  trifling  sum  as  the  cost  of  superin- 
tendence; whereas  the  London  figures,  being  for  only  two  shifts 
of  men  instead  of  three,  allow  of  good  wages  to  be  paid,  and  a 
fair  margin  for  well-paid  supervision.  I  do  not  even  hint  that 
these  figures  are  incorrect,  but  simply  that,  as  during  the  earlier 
stages  of  a  supply  company  it  is  so  easy  for  the  engineering 
stafif  employed  to  charge  a  large  proportion  of  their  time  on  to 
construction  of  works,  this  cost  of  supervision  is  apt  to  be 
a  misleading  one.  I  think  there  is  little  doubt  that  future  and 
more  correct  comparisons  wUl  show  that  the  Newcastle  figures 
for  the  above  items  will  be  firom  50  to  60  per  cent,  higher  than 
the  corresponding  London  ones. 

Whether  this  increased  cost  of  production  can  be  wholly  or 
partially  compensated  for  by  the  reduced  first  cost  of  the  plant 
on  the  alternating  system,  I  cannot  say.    The  figures  the  authors 
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Mr  give  as  the  capital  cost  per  lamp  cannot  feirly  be  compared  with 

the  corresponding  figures  of  the  London  companies,  who  have, 
owing  to  special  circumstances,  been  compelled  to  lay  nearly  the 
whole  of  their  distribution  system  over  very  large  compulsory 
areas.  The  London  companies  have  had  to  pay  in  the  first 
instance  the  full  cost  of  sites  and  expensive  buildings.  I  have 
had  considerable  experience  in  examining  projects  and  estimates 
for  the  supply  of  plant  on  both  alternating  and  direct  systems, 
and  even  in  cases  where  the  area  has  been  a  very  extended  one 
I  have  found  that  the  first  cost  of  the  alternating  system  shows 
little  or  no  saving  over  that  of  the  direct  system.  I  think  that 
the  paper  shows  as  beyond  doubt  that  up  to  the  present  the 
tvorJdng  cost  of  the  alternating  system,  under  the  most  favoxirable 
circimistances,  cannot  compare  in  economy  with  that  of  the 
direct  system ;  and  the  reasons  are  not  fiu:  to  seek. 

First,  the  efficiency  of  the  alternating  plant  as  generating 
plant  is  inferior  to  that  of  the  direct-current  plant.  The  authors 
quoted  a  statement  firom  my  paper  read  before  the  Institution  of 
Civil  Engineers,  in  which  I  gave  the  net  generating  efficiency 
of  direct-current  plant;  that  is  to  say,  the  RH.P.  generated 
reaches  84  per  cent,  of  the  I.H.P.  of  the  engines.  This  efficiency 
is  now  frequently  surpassed,  as  I  have  under  my  own  charge  plant 
made  by  Siemens  Brothers  that  when  tested  gave,  and  now  in 
regular  working  continues  to  give,  an  efficiency  of  87  per  cent., 
and  the  actual  working  cost  of  this  plant  is  far  below  the  figures 
that  I  have  given  for  last  year's  working. 

Turning  now  to  the  load  fector  question,  the  fraction, 
244,470  X  1,000  x  100  _  ^.^ 

342,000  X  8,760  ""  ^'^^  ^^  ^^*^-» 
is  wrong ;  the  denominator  should  be  the  greatest  load  in  watts 
observed,  multiplied  by  8,760.  This  greatest  load  is  not  actually 
given  in  the  paper,  but  it  can  be  inferred  from  the  authors' 
remark  that  it  was  45  per  cent,  of  431,000  watts :  this  is  equal 
to  195,000  watts.  The  fraction  should,  therefore,  be, 
244,470  X  1,000  x  100       , ,  ^ 

195,000  X  8,760        ""  "^^'^  P^  ^^^^» 
which  is  rather  a  better  load  &ctor  than  we  find  in  most  parts  of 
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London,  and  which  explains  the  fairly  high  income  earned  per  Mr. 

OroDiptoiia 

lamp  in  spite  of  the  low  price  charged  per  unit. 

Mr.  J.  F.  Albbight  :  I  have  made  one  or  two  notes  on  the  Mr. 
subject  of  this  paper.  Of  course  Mr.  Crompton  has  completely 
taken  the  wind  out  of  my  sails  on  all  technical  points,  which 
are  not  -my  forte  at  any  time.  But  one  or  two  points  occur  to 
me  on  general  grounds.  It  appears  to  me  we  have  learnt  one 
thing  very  prominently  from  this  paper :  not  only  is  coal  dirt 
cheap  in  Newcastle,  but  superintendence  also  is  to  be  got  for 
nothing ;  because,  as  £sLr  as  I  can  see,  taking  the  labour^  and 
supervision  charges,  which  are  put  down  at  0*8163  of  a  penny 
per  unit,  and  allowing  less  for  wages  of  assistants  than  Mr. 
Crompton  has  allowed — ^in  fact,  allowing  what  I  believe  is  most 
likely  to  be  actually  paid — there  would  be  left  £100  per  year  for 
superintendence.  Well,  if  the  supply  company  can  get  the 
services  of  a  gentleman  who  can  deal  with  figures  in.  the  masterly 
way  they  have  been  dealt  with  in  this  paper  for  £100  per  annum, 
they  are  extremely  fortunate.  Then  there  are  some  details  in 
regard  to  this  paper  more  matters  of  interest  than  criticism. 
I  notice  that  at  Newcastle  the  unit  is  sold  for  4^d.,  and  the 
lamps  are  taken  as  30-watt  lamps;  if  my  figures  are  right, 
each  30-watt  lamp  in  Newcastle  yields  a  gross  revenue  to  the 
company  of  8s.  3d.  Well,  now,  in  London,  the  hardly  used  con- 
sumer who  bemoans  his  lot  because  he  has  to  pay  8d.  per  unit, 
pays  practically  8s.  6d.  or  thereabouts  for  a  33-watt  lamp ;  in 
other  words,  the  average  price  in  London  at  present  is  the  same 
as  in  Newcastle,  and  this  in  spite  of  higher  rents,  and  of  the 
&ct  that  coal  is  costing  us  in  London  about  four  times  as  much 
as  in  Newcastle.  I  believe  this  rather  curious  fact  points  to  an 
explanation  of  the  unusuaUy  favourable  position  of  this  particular 
company — ^namely,  that  they  have  been  able  to  pick  out  the 
plums  of  their  district,  and  get  hold  of  the  "long-hour  cus- 
**  tomers."  Whether  this  favourable  condition  wiU  continue  when 
the  short-hour  customers  come  on  more  extensively,  remains  to 
be  seen.  I  think  we  ought  to  thank  the  authors  for  having  put 
such  a  lucid  paper  before  us. 

Mr.  W.  H.  Pbeece  :  I  think  it  would  only  be  fair,  as  represen-  Mr.  Preeoe 
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Mr.  Preece.  tative  of  One  of  the  largest  clients  of  this  company  in  Newcastle, 
that  I  should  say  this — that  dming  the  whole  time  the  current 
has  been  supplied  to  the  Post  OflSce  at  Newcastle,  it  has  given  the 
very  greatest  satisfeiction.  It  is  quite  impossible  for  the  light  to 
behave  steadier  and  better,  and  it  is  my  experience  everywhere, 
where  you  are  dependent  upon  the  alternating-current  system, 
that  your  E.M.F.  is  more  constant  than  it  is  with  any  direct- 
current  system,  I  think  that  the  criticism  that  Mr.  Crompton 
has  passed  on  this  paper  is  both  just  and  generous ;  but  at  the 
same  time  it  reminds  me  very  much  of  the  attempt  of  a  critic  to 
criticise  the  play  of  "  Hamlet "  when  the  character  of  Hamlet  is 
left  entirely  out.  Now  I  do  not  know  whether  it  has  struck  the 
audience  as  the  paper  was  being  read,  as  it  struck  me,  that  one  of 
the  most  startling  and  one  of  the  strangest  parts  of  this  x>aper  is, 
not  the  cost  of  working,  but  the  capital  expenditure.  Now 
it  is  said  here  that  the  capital  expenditure  amounts  to 
about  £50  per  kilowatt :  that  runs  out  at  a  capital  expenditure 
of  something  under  £2— in  fact,  about  SOs. — ^per  lamp.  That  is 
a  capital  expenditure  which  is  less  than  the  capital  expenditure 
in  London  on  the  mains  alone  of  some  of  these  low-pressure 
systems.  Now,  gentlemen,  my  experience  is  this — that  if  you 
examine  the  reports  of  these  companies  that  have  extended 
electric  lighting  over  the  metropolis  and  over  other  parts  of  the 
country,  you  will  find  that  in  some  cases  the  capital  expenditure 
averages  from  £5  to  £6  per  8-C.P.  lamp;  whereas,  if  you  examine 
this  report,  you  will  find  that  it  comes  out  at  SOs.  per  lamp.  That 
means  this :  if  you  establish  a  system  over  a  place  like  Newcastle 
at  one-third  the  capital  expenditure,  you  can  aflFord  to  work  it  at 
twice  the  cost,  and  even  then  you  find  you  have  an  ample  margin 
to  pay  a  very  handsome  dividend  to  your  shareholders.  Again, 
another  feature  connected  with  this  system  in  Newcastle — a 
feature  often  ignored — is  the  feet  that  you  are  able  to  extend  your 
system  to  great  distances:  the  paper  says  to  a  distance  of 
2^  miles.  Now^  is  that  done  on  any  low-pressure  system  in 
London  ?  And,  again,  it  has  also  been  pointed  out  that  by  this 
system  you  are  able  to  extend  your  pioneer  system  over  a  vwy 
large  area  at  a  very  small  costj  and  you  are  able  to  accommodate 
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scattered  clients  in  different  parts  of  a  great  district  at  an  Mt  preece. 
expenditure  averaging  less  than  £2  per  lamp.  I  quite  agree  with 
Mr.  Crompton  that  we  are  deeply  indebted  to  these  gentlemen  for 
having  the  courage  of  their  convictions,  and  for  their  honesty  of 
purpose  in  bringing  before  us  authentic  facts  and  figures ;  and  I 
think  we  must  look  at  these  figures  from  all  sides,  and  not  alone 
firom  the  mere  question  of  cost  of  working  expenditure.  The 
information  in  this  paper  on  capital  expenditure  is  meagre :  we 
are  simply  told  it  amounts  to  about  £50  per  kilowatt.  If  either 
of  the  authors  would  favour  us  with  some  details  of  that  expendi- 
ture, and  show  us  how  much  is  devoted  to  building,  how  much  to 
steam  machinery  and  dynamos,  and  how  much  to  distribution  and 
to  mains,  they  will  confer  an  additional  favour  upon  us,  and 
enable  us  to  criticise  them  in  the  same  just  spirit  which  I  hope  we 
shall  do  during  the  whole  evening. 

Sir  David  Salomons:  As  you  know,  I  am  interested  now  in  sir d 
one  of  the  largest  undertakings  in  London — that  of  lighting  the 
City — and  the  cost  of  working  I  hope  at  a  future  date  to  bring 
before  you.  I  think,  if  a  report  of  this  paper  were  to  get  into 
the  journals  of  to-morrow,  Londoners  would  at  once  cry  out,  "  In 
"Newcastle  people  get  the  current  for  4^d.,  while  here  we  have  to 
**  pay  8d."  I  would  point  this  circumstance  out — not  in  the  way 
of  criticising  the  paper,  but  merely  to  state  the  fact — that  in 
reality  the  people  of  London  are  paying  less  for  their  current  than 
those  in  Newcastle.  To  obtain  a  fair  comparison,  you  must 
compare  your  electric  light  bill  with  what  gas,  candles,  and  oil 
were  before  the  new  light  was  adopted.  You  must  not  lose  sight 
of  the  fact  that  gas  is  Is.  lOd.  per  thousand  feet  in  Newcastle, 
but  in  London  it  is  something  like  3s.  4d.;  and  if  you  work  it  out 
to  get  the  equivalent  values,  Londoners  will  find  that  the 
Newcastle  station  in  London  would  have  to  charge  9d.  per  B.T.U., 
whereas  the  actual  price  is  8d.  This  fact  must  not  be  lost  sight 
of,  independently  of  the  questions  which  might  arise  as  to  whether 
the  continuous  or  idtemating  current  is  most  efficient,  I  am  very 
much  with  Mr.  Crompton  in  favour  of  the  continuous  current, 
and  I  disagree  with  Mr.  Preece  that  the  alternating  current  is  more 
steady  than.the  direct,  although  in  Newcastle  it  may  be  extremely 


Digitized  by 


Googk 


496  ELECTRICAL  DISTRIBUTION,  Etc.  May  2011, 

sirD.  good.  I  can  answer  for  this  fact — ^that  the  London  Electric  used 
to  supply  me  in  London,  and  it  was  most  irregular;  and  now  that 
the  Westminster  Electric  supply  me,  the  ciurent  could  not  be 
better,  and  only  varies  1  per  cent,  over  the  whole  day,  and  it  has 
not  been  cut  off,  excepting  once  for  half  an  hour  by  an  accident^ 
for  a  year  and  two  months.  It  will  be  most  interesting  eventually 
to  have  the  figures  of  alternating  and  direct  systems  compared, 
and  I  think  the  figures  of  the  City  of  London  will  be  of  enormous 
interest.  There  are  8,000  or  9,000  lamps  on  already,  and  before 
October  there  will  be  over  30,000,  and  after  that  time  the  figures 
will  be  sufficiently  accurate  and  the  engines  sufficiently  loaded  to 
obtain  results  which  will  be  of  value.  Besides  these  incandescent 
lamps,  there  will  be  400  or  500  arc  lamps  running.  The  statistics 
to  be  obtained  at  a  later  period  will  have  an  especial  interest  on 
account  of  this  company  having  started  with  the  large  experience 
gained  by  its  predecessors. 

Mr  Mordey.  jfr,  ^VV.  M.  MoRDEY :  I  did  uot  wish  to  occupy  any  time  this 
evening;  I  wanted  the  low-pressure  people  to  have  plenty  of 
rope.  Beally,  it  is  a  paper  on  which  I  have  nothing  to  say  except 
in  commendation.  I  agree  with  nearly  everything  done  at 
Newcastle ;  but  as  you  have  been  good  enough  to  call  upon  me^ 
there  are  one  or  two  things  which  have  arisen  in  the  discussion 
to  which  I  should  like  to  refer,  if  I  may  be  allowed  to  do  so.  As 
to  the  method  of  measuring  criticised  by  Mr.  Crompton:  The 
volts  have  been  multiplied  by  the  amperes.  That,  I  know,  is  a 
dreadful  sin.  There  ought  to  be  a  new  commandment,  ^*  Thou 
"  shalt  not  multiply  the  volts  by  the  amperes."  But  I  think  t^e 
authors  can  do  that  at  Newcastle  without  being  far  wrong.  I 
do  not  think  Mr.  Crompton  can  do  it  at  Chelmsford  without  being 
very  far  wrong  indeed.  The  transformers  are  not  the  same  in  the 
two  places.  Mr.  Crompton  has  a  considerable  proportion,  I 
believe,  of  open-circuit  transformers,  in  which  there  is  a  lar^ 
magnetising  current,  and  in  which  there  is '  a  great  disparity 
between  the  real  watts  supplied  and  the  apparent  watts  supplied. 
Any  slight  difference  there  may  be  between  the  real  and 
apparent  watts  at  Newcastle  is  more  than  covered  by  the  fact 
that  the  meter  losses  have  been  treated  in  the  way  they  have 


Digitized  by 


Googk 


1892.]  DISCUSSION.  497 

been  in  the  paper.  But  the  value  of  the  paper  is  not  affected  by  ^p  Mordey. 
this  matter.  The  really  important  points  of  the  number  of  units 
sold  (measured  in  ampere-hours,  be  it  observed),  and  the  coal 
consumption,  are  not  touched  by  it.  It  will  be  granted  that  the 
units  metered  at  the  consumers'  premises  are  at  least  5  per  cent, 
less  than  the  true  units  supplied.  And  as  with  this  system  the 
secondary  volts  are  sensibly  constant,  and  as  the  secondary 
circuits  are  non-inductive,  the  secondary  watts  recorded  are  for 
practical  calculations  correct.  And  if  we  confine  our  attention  to 
the  recorded  secondary  output,  and  to  the  c6st  of  generation, 
we  get  all  that  commercial  requirements  demand — namely,  the 
number  of  units  sold,  and  the  cost  of  those  units. 

Mr.  Crompton  appears  to  think  that  alternators  are  neces- 
sarily not  as  efficient  as  direct-current  dynamos.  I  do  not 
think  there  need  be  any  diflference,  and,  at  any  rate,  the 
question  need  not  remain  a  matter  of  opinion.  I  will  undertake 
that  the  Brush  Company  sh^U  put  one  of  their  alternators  at  the 
Crystal  Palace  at  the  disposal  of  the  Expert  Conmiittee  or  the 
jury,  and  run  it  direct,  not  on  transformers,  but  on  a  lot  of  incan- 
descent  lamps.  We  will  run  a  100-unit  alternator  direct  on  to 
those  lamps,  arranged  in  series  for  that  purpose,  and  Mr.  Crompton 
can  run  a  100-unit  direct-current  dynamo  on  the  same  lamps,  and 
we  will  see  who  can  run  the  most  lamps  with  a  given  power. 
That  test  would  put  the  matter  at  rest  perfectly.  It  does  not 
involve  anything  of  a  doubtful  or  disputable  kind.  We  have 
merely  to  take  the  C.P.  of  the  lamps  and  the  number  of  them, 
arranging  them  in  series  or  parallel  to  suit  the  machine. 

Although  I  am  pretty  confident  that  such  a  test  would  show  that 
an  alternator  is  as  good,  or  better  than  a  direct-current  dynamo,  it 
would  not  settle  any  large  question  as  to  the  merits  of  the  two, 
for  it  seems  to  me  that  the  conditions  of  this  test  are  not  the 
conditions  of  practice.  If  Mr.  Crompton  had  the  lamps  scattered 
over  two  or  three  square  miles  of  country,  as  at  Newcastle,  he 
would  have  very  much  greater  difficulty  in  supplying  them  than 
the  authors  have  had. 

A  point  in  the  paper  which  is  deserving  of  special  notice  is  the 
extremely  small  labour  stafif  necessary  to  run  the  machinery.  The 
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Mr.  Morciey  authoTS  Say  they  have,  for  three  200-H.P.  sets,  only  three  working 
men  in  the  station — stoker,  engine-driver,  and  assistant.  That 
speaks  volumes  for  the  character  of  the  plant,  and  I  think  it  will 
be  difficult  to  get  a  direct-current  plant  to  give  better  results 
than  that.  Reference  is  made  to  parallel  working  in  the  station. 
Perhaps  I  might  supplement  what  has  been  said  by  the 
authors  by  stating  that  I  think  we  are  agreed  that  it  would  be  an 
advantage  to  run  in  parallel,  and  I  should  like  to  remove  any 
misunderstanding  that  may  be  felt  as  to  why  that  method  is  not 
at  present  in  use.  The  alternators  cannot  be  got  out  of  step;  the 
failure  is  not  due  to  the  fact  that  they  would  not  keep  in  step.  I 
would  undertake  to  pull  the  coils  out  of  the  machine  before  they 
would  get  out  of  step.  But  it  is  not  found  advisable  to  run  with 
the  driving  conditions  they  have  there.  The  engines  are  satis- 
factory in  most  respects,  but  are  not  even  throughout  the  stroke. 
Attempts  have  been  made,  by  increasing  the  weight  of  the  fly- 
wheels, and  by  the  use  of  spring  pulleys,  to  improve  them  in  this 
respect,  so  that  the  present  diflference  of  speed  between  the  periods 
when  the  engines  are  taking  steam  and  the  periods  when  they  are 
going  over  the  dead  centres  shall  be  reduced.  At  present  there  is 
a  diflFerence  of  speed  which  necessitates  transference  of  power  fix>m 
one  engine  to  the  other  through  the  dynamos,  and  a  synchronising 
current  of  a  considerable  amount  is  necessary.  Of  course  there 
cannot  be  two  opinions  as  to  the  desirability  of  working  a  station 
on  the  parallel  plan,  whether  it  is  alternate  or  direct  current. 
The  complication  and  trouble  of  switching  circuits  from  one 
machine  to  another  is  very  objectionable,  but  still  more  objection- 
able (from  a  dynamo  designer  s  point  of  view,  at  least)  is  the 
sudden  changing  of  load  in  this  way.  This  sudden  switching 
over  imposes  a  strain  that  should  be  avoided  if  possible. 

And  while  on  this  question  of  parallel  working,  I  should  like 
to  say  that  although  there  has  been  a  good  deal  of  discussion 
about  it  during  the  last  two  or  three  years,  I  would  make  no  claim 
whatever  to  have  invented  parallel  working.  I  am  very  often 
reproached  with  having  claimed  to  have  invented  parallel  working. 
I  never  did  anything  of  the  kind,  and  I  put  formally  and  folly 
before  the  Institution  when  I  read  a  paper  in  1889  what  had  been 
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done  previously.  All  alternators,  as  I  then  pointed  out,  have  a  Mr.  Mordey. 
tendency  to  run  in  parallel,  but  the  difference  is  this :  To  exert  a 
given  synchronising  effort  one  machine  may  require  a  greater 
current  than  another.  The  whole  thing  may  be  set  at  rest  on 
that  point  by  a  simple  test.  Let  any  alternator  be  run  up  to 
speed,  thrown  into  synchronism,  and  run  as  a  motor,  idle.  The 
machine  that  will  run  best  in  parallel  is  the  machine  that  will 
nm  with  the  lowest  current  to  so  drive  it  as  a  motor.  This  does 
not  cover  the  whole  ground,  but  it  is  enough ;  I  need  not  now 
enlarge  on  it. 

Earl  SussELL:  If  I  may  be  allowed  to  say  one  word  on  a  Eariiiusseii. 
snbject  not  exactly  connected  with  the  subject  of  the  paper,  I  do 
not  think  Mr.  Mordey  must  take  advantage  of  the  absence  of  Mr. 
Swinburne  to  suggest  that  there  is  no  magnetising  current  in  a 
closed-circuit  transformer.  I  would  rather  suggest  that  the 
magnetising  current  of  an  open-circuit,  compared  with  a  closed- 
circuit  transformer,  is  as  3  to  9  or  10. 

Mr.  Mordey  :  I  do  not  want  to  occupy  time  by  dwelling  Mr  jioniey. 
on  the  design  of  transformers  now,  as  we  have  much  more 
important  questions  before  us.  In  reply  to  Lord  Russell  I  would 
only  say  I  have  found — what  is,  I  believe,  generally  admitted — 
open-circuit  transformers  take  from  25  to  35  per  cent,  magnetising 
current.  I  am  in  the  habit  of  designing  transformers  to  work 
with  from  1  to  2  per  cent. 

Mr.  W.  B.  EssoN:  When  discussing  this  point  with  Mr.  Mr.Esson. 
Swinburne  last  night,  I  understood  him  to  say  that  the  exciting 
current  required  for  the  "  hedgehog  "  open-circuit,  transformer 
was  approximately  one-third  of  the  full-load  primary  current, 
and  that  in  the  ordinary  commercial  pattern  of  this  transformer 
the  primary  current  at  no  load  was  about  three  times  that  of 
the  ordinary  closed-circuit  type.  The  point  is  important, 
although  perhaps  not  bearing  directly  on  the  present  discussion. 

Mr.  E.  T.  Carter  :   It  appears  to  me  that  the  discrepancy  Mr.  carter. 
mentioned  by  the  authors  of  the  paper,  in  connection  with  the 
horse-power  wasted  in  the  station,  may  partly  arise  from  the 
manner  in  which  the  I.H.P.  was  measured.    They  have  pointed 
out  a  discrepancy  between  the  efficiency  obtained  at  their  station 
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Mr.  Carter,  and  the  efficiency  which  Mr.  Crompton  has  shown  should  be 
expected  at  such  a  station.  I  think  I  am  correct  in  saying  that 
the  authors  measured  the  I.H.P.  by  taking  the  area  of  the 
indicator  card  down  to  the  Vacuum  line.  The  losses  due  to  back 
pressure  on  the  low-pressure  piston  were  not  deducted  in  esti- 
mating the  I.H.P.,  but  were  credited  to  the  station  losses.  Of 
course  this  would  give  too  high  a  value  both  for  the  I.H.P.  and 
the  station  losses,  and  would  make  the  efficiency  of  the  station 
appear  too  low.  The  authors  were  really  unfair  to  themselves  in 
thus  measuring  the  H.P.  of  their  station  and  the  losses  occurring 
in  it ;  for  had  they  adopted  the  usual  practice  in  determining  the 
I.H.P.,  the  efficiency  of  the  station  would  have  been  a  higher 
figure.  I  think  I  am  correct  in  saying  that  this  method  was 
adopted,  and  that  this  deduction  due  to  back  pressure  was 
charged  to  the  station  losses  ? 

Mr.  Heaviside  :  That  is  correct, 

Mr.  Carter  :  That  would  give  too  high  a  figure  for  the  horse- 
power, and  you  obtained  a  iEallacious  and,  unfortunately,  inferior 
efficiency.  This  will  partly  account  for  the  serious  discrepancy 
already  mentioned. 

Sihaidson  ^^'  ^^^^  RiOHARDSON :  With  your  kind  permission,  perhaps 
I  may  be  allowed  to  say  two  or  three  words,  principally  with 
regard  to  the  engine  performance  alluded  to.  The  total  loss 
between  the  I.H.P.  at  the  engine  and  the  E.H.P*  given  out  to 
the  customers  has  to  be  accounted  for  in  some  way.  The  authors 
have  quite  honestly  put  down  27'5  per  cent,  to  friction.  Of 
course  that^  is  an  assumption.  I  should  scarcely  allow  that  so 
much  friction  is  expended  in  the  engines,  excepting  that  some- 
times, and  for  a  considerable  time,  they  are  working  with  very 
low  loads  indeed.  Wlien  the  engines  are  working  at  their  &ir 
power,  the  percentage  of  friction  would  not  be  more  than  15  at 
the  outside.  The  low  loads  would  also  account  for  the  27  lbs.  of 
water.  That  quantity  is  the  result  of  a  very  long  test,  taken  over 
12  months.  If  that  test  had  been  taken  over  a  few  hours  when 
the  engines  again  were  working  fit  their  maximum  efficiency,  it 
would  be  nearer  17  lbs.  per  H.P.  per  hour  than  27  lbs.  One  word 
about  the  difference  of  speed.    The  engines  are  fitted  with  very 
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sharp  cut-off  gear,  and  it  was  thought  that  there  might  be  a  ^f-hoKtoo^ 
difference  between  the  speed  of  the  various  part«  of  one  revolution 
of  the  engine.  With  a  very  elaborate  electrical  apparatus  which 
Mr.  Heaviside  placed  at  my  disposal,  I  spent  some  hours  trying 
to  find  out  what  differences  there  were  between  one  part  and 
another  part  of  the  revolution.  I  do  not  say  that  there  is 
absolutely  no  difference,  but  there  was  no  difference  that  we  could 
detect  with  the  electrical  measurements  then  used.  It  might  be 
possible  at  some  time  to  detect  differences  that  were  not  detected 
then.  One  word  about  the  cheap  superintendence.  I  think 
perhaps  the  authors  would  say — I  merely  throw  it  out  as  a 
suggestion — that  there  is  even  some  margin  for  that  skilled 
stiperintendence  which  Mr.  Crompton  found  is  got  for  nothing. 
But  three  men  are  in  the  station — two  workmen  only — and  the 
whole  of  the  machinery,  it  is  &ir  to  say,  works  with  so  little 
trouble  that  highly  skilled  and  highly  paid  men  are  not  needed. 
Just  ordinary  mechanics,  at  comparatively  low  wages,  very  soon 
attain  the  necessary  knowledge  to  manage  such  very  simple 
machinery,  aild  thus  there  is  a  considerable  margin  left  for  that 
skilled  attendance  that  lies  so  near  the  heart  of  Mr.  Crompton. 

Mr.  A.  W.  Heaviside  :  In  reply  to  Mr.  Crompton's  remarks,  Mr. 
we  do  not  think  that  for  commercial  purposes  the  method  of 
measuring  the  output  of  the  station  is  objectionable  where  closed- 
drcuit  transformers  are  used.  What  error  ttere  may  be  is  not 
material,  as  the  coal  consumption  and  the  units  sold  are  the  main 
points  to  observe ;  but  whatever  it  is,  it  will  be  balanced  by  the 
tendency  the  staff  have  to  over-read  rather  than  under-read  the 
ammeters.  For  a  long  time  during  a  24  hours'  run,  the  four 
ammeters  each  on  a  separate  circuit  read  very  low  down  upon  the 
scale,  and  there  is  room  for  guess-work.  But  it  would  be  inter- 
esting to  learn  from  Mr.  Crompton  what  he  supposes  the  per- 
centage of  error  to  be.  Mr.  Crompton,  in  stating  that  *  10  per 
cent,  of  the  total  power  generated  was  absorbed  in  meter  losses, 
gave  the  alternating-current  advocates  a  powerful  argument 
against  himself,  as  this  loss  was  included  in  the  25  per  cent, 
difference  between  the  station  units  and  the  units  sold. 

As  regards  the  magnetising  current  and  line  losses,  roughly 
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Mr.  about  10  amperes  are  indicated  at  the  ammeters  upon  Sunday 

mornings,  when  it  is  known  that  there  is  only  a  small  load  on  the 
Post  Office  installation,  and  few,  if  any,  of  the  transformers  are 
switched  oflF.  This  indicates  where  some  of  the  25  per  cent,  loaa 
goes,  the  balance  being  due  to  greater  losses  with  heavy  loads  and 
meter  losses,  that  is,  unrecorded  current. 

This  branch  of  the  subject  is  being  watched  very  closely,  and 
it  is  hoped  that  at  some  future  meeting  of  the  Institution  we- 
may  be  able  to  aflford  trustworthy  data  of  where  the  energy  is 
absorbed.  At  present  the  coal  consumption,  indicator  diagrams,, 
and  the  units  sold,  give  a  very  solid  foundation  for  such  figures 
as  we  have  been  enabled  to  put  forward.  In  running  & 
station  such  as  the  one  under  discussion,  where  such  simple 
machinery  is  employed,  a  stoker  at  256.  per  week,  an  engine-driver 
at  27s.  per  week,  and  an  assistant  at  a  variable  cost — ^sometimes, 
he  is  an  apprentice  or  an  improver,  sometimes  he  is  an  assistant 
engineer  at  a  higher  rate — a  sufficient  margin  is  left  for  super- 
vision. Mr.  Crompton  manages  to  get  through  the  24  hours 
with  two  shifts  of  men.  We  are  of  opinion  that  two  shifts  of  men 
will  not  be  found  sufficient  for  the  permanent  working  of  central 
station  plant  in  London  or  anywhere  else,  whether  the  plant  be 
of  the  alternating-  or  of  the  direct-current  type.  We  think  that 
Mr.  Crompton  should  have  included  the  item  of  repairs  in  his 
analysis  of  the  respective  costs,  as  the  maintenance  of  the  class 
of  plant  employed  at  Newcastle  will  eventually  probably  compare 
most  &vourably  with  the  class  of  plant  generally  used  by  the 
London  companies.  In  all  the  items  of  the  fuel  account  the 
losses  are  being  gradually  stopped.  There  is  no  reason  to  doubt 
but  that  the  economies  which  are  being  effected  by  the  direct- 
current  companies  can  also  be  effected  by  those  companies  using 
alternating-current  plant.  The  question  of  the  relative  efficiency 
of  the  alternating-  versus  direct-current  dynamos  may  be  safely 
left  to  the  result  of  the  challenge  made  by  Mr.  Mordey,  and 
accepted  by  Mr.  Crompton.  The  load  factors  adopted  by  Mr. 
Crompton,  and  appearing  in  various  guises  in  his  paper,  are 
apparently  of  little  use  in  comparing  the  relation  of  everyday 
output  to  possible  output,  or  of  comparing  one  year's  work  with 
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another   year's  work,  or  the  operations  of  one  supply  company  Mr. 

"^  *  1       ■•    r  Hea\i8ide. 

with  those  of  another  supply  company ;  whereas  the  load  factor 

we  have  adopted  enables  us  to  compare  year  by  year,  or  at  any 

moment,  what  we  are  doing.     A  study  of  the  progress  diagram 

shows,  amongst  other  things,  what  the  greatest  load  is  at  any  time, 

the  ma3dmum  working  output  of  the  plant,  the  greatest  weekly 

output,  and  the  growth  of  the  external  installation.     It  is  simple 

to  keep,  and  affords  at  a  glance  a  bird's-eye  view  of  the  supply 

company's  operations*    Mr.  Crompton  will  there  find  the  greatest 

load  at  any  time  of  the  year. 

Mr.   Albright's    suggestion    that    the    company   has   picked 

out  the  plums   is  quite   erroneous.     .  It  is  expressly   stated  in 

the  papey  that  small  rather  than  large  installations  are  the  rule, 

and  Ts,  6  Jd.  is  the  average  revenue  per  SQ-watt  lamp  per  annum ; 

thus: 

Average  lighting  hours  x  watts  per  lamp  (30) 

i^ooo 

X  net  cash  per  B.T.U.  = j^^ x    4*222d.    =    7s.  GJd. 

Sir  D.  Salomons's  point  is  as  to  whether  the  ratio  between  the 
London  price  for  gas  and  for  electrical  energy  is  the  same  as  that 
which  obtains  in  Newcastle.  Assuming  Sir  D.  Salomons's  figures 
to  be  correct,  there  is  a  remarkable  agreement ;  for  if  Ss.  4d.  per 
1,000  cubic  feet  is  the  price  for  London  gas,  and  8d.  per  unit  for 
electric  supply,  then  Is.  lOd.  for  Newcastle  gas  equals  4*4d. 
for  electric  supply.  The  Newcastle  company  actually  received 
4*222d.,  making  the  comparison  in  favour  of  cheaper  electricity 
pro  rata  at  Newcastle."  If  the  company  received  4Jd.,  then  the 
equivalent  in  London  would  be  8-8d. 

Mr.  Preece  has  touched  upon  the  kernel  of  the  case — i.e.,  for  a 
small  capital  expenditure  a  large  area  can  be  served  efficiently ; 
and  the  figures  in  the  paper  show  that  the  cost  of  generation  and 
maintenance  is  very  moderate.  If,  owing  to  some  unforeseen 
reason,  in  future  development  the  cost  should  go  up,  then  with  so 
small  a  capital  expenditure,  details  of  which  are  given  below,  the 
supply  company  will  be  in  a  better  position  to  meet  the  increased 
cost  than  any  direct-service  system  involving  three  to  four  times 
the  capital  expenditure  to  serve  a  similar  area. 
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StateTneni  showing  Capital  Expenditure  upon  an  Installation 
of  26,000  SO'Watt  Lamps  wired. 


£    s. 

d. 

Buildings 0     2 

Station  plant — 

8 

fper30-watt 
\      lamp. 

Boilers            

Water  service 

Stokers 

Steam  pipes 

>0  13 

1 

Engines          

Dynamos         

Switch-board 0    0 

7 

Street  pipes  and  boxes      0    4 

7 

Mains  and  leads-in    ...     0     4 

7 

Loose  plant  and  tools       0    0 

4 

Transformers,    meters, 

and  switches 

0     4 

2 

£1  10 

0 

Say  £50  per  kilowatt  wired. 

We  venture  to  'think  that  the  point  in  favour  of  this 
alternating  system  is  its  simplicity  in  distribution;  and,  as 
Professor  Perry  has  asked  for  more  details,  we  propose  to  write 
another  paper  for  a  future  meeting  of  the  Institution,  in  which  Ui 
lay  bare  every  point. 

In  calculating  the  cost  of  production,  is  it  not  much  safer  to 
work  upon  the  basis  of  the  coal  consumption,  rather  than  that  of 
the  water  used,  there  being  so  many  leaks  by  which  water  may 
get  away  ?  For  instance,  the  progress  diagram  shows  that  when 
the  weekly  output  reaches  10,000  units  per  week  the  energy  can 
be  produced  for  one  penny  half-penny  per  unit.  A  time  must 
come  when  the  summer  load  will  equal  that,  and  though  we  can- 
not be  certain  that  the  ratios  will  remain  the  same,  we  think  that 
it  is  Mr  to  assume  that  the  cost  of  production  will  diminish 
rather  than  increase. 

By  the  end  of  the  summer  it  is  expected  that  the  question  of 
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parallel  running  will  be  settled  one  way  or  tlie  other,  as  ^l^®g'-^^. 
arrangements  now  in  progress  to  secure  that  end  will  then  be 
completed ;  but  it  does  not  appear  to  us  that  parallel  running  is 
the  only  true  solution  of  the  problem  of  distribution  from  a 
central  point.  There  are  many  risks  about  it,  and  having  too 
many  eggs  in  one  basket  is  one  of  them. 

Mr.  Carter,  in  criticising  the  steam  diagrams,  drew  attention 
to  the  fact  that  back  pressure  was  included.  So  long  as  the 
amount  of  back  pressure  was  stated,  there  is  not  much  objection 
to  have  it  included,  as  it  represents  real  work ;  but,  deducting 
back  pressure  as  the  more  usual  form  of  expression,  the  com- 
mercial efficiency  would  be : 

E.H.P.  134  ^. 

TITP.         =        l9r     =    70  percent.; 

or,  allowing  for  the  ropes, 

191-17-4  ~  ^^  P^^  ®®^*^- 
Mr.  Carter,  in  a  letter  of  his  to  the  Electrician^  dated  June  3rd, 
seems  to  have  quite  misunderstood  the  purport  of  the  I.H.P. 
diagrams  exhibited,  which  were  for  the  purpose  of  illustrating  the 
steam  distribution  and  action  of  the  valves  for  the  fiill  range  of 
the  engine. 

Mayer  valves  are  not  fitted,  as  stated  by  Mr.  Carter,  to  the 
horizontal  engines,  and  these  are  in  practice  not  run  at  less  than 
half  load.  At  full  load  the  cylinders  are  practically  balanced;  and, 
in  addition,  such  matters  as  variations  of  steam  pressure,  &c., 
have  to  be  considered,  all  of  which  have  had  their  influence  in 
determining  the  valve  setting.  It  is  not  a  question  of  class-room 
diagrams,  but  of  trying  to  so  arrange  matters  as  to  get  the  best 
all-round  results.  As  to  Mr.  Carter's  criticism  of  the  spring 
pulleys,  it  is  sufficient  to  say  that  they*  are  neither  clumsy  nor 
dangerous,  and  we  intend  recommending  their  use  in  succeeding 
sets  of  plant. 

It  remains  for  us  to  express  our  thanks  to  the  directors  of  the 

Newcastle-upon-Tyne  Electric  Supply  Co.,  Limited,  for  permitting 

us  to  publish  the  results  of  the  company's  working  over  the  past 

year.     It  is  only  by  publishing  such  results  for  free  and  inda- 
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Mr.  pendent  criticdsm  that  they  can  learn  to  correct  their  errors  and 

endeavour  to  make  some  little  progress  for  the  conmion  good^aod 
hrip  to  pnsh  forward  the  electricak  industry.  In  the  case 
point  the  distinctive  feature  of  the  company's  work  has  beem 
that  they  have  had  a  perfectly  free  hand  to  go  to  the  opear. 
market  and  buy  that  which  appeared  best  suited  to  their  needs, 
having  done  nothing  to  bind  themselves  to  any  particular  system 
in  the  iuture.  Should  the  advance  of  science  show  that  other- 
machinery  could  be  employed  to  better  advantage  to  that  which 
they  now  possess,  the  elastic  system  of  street  distribution  adopted 
will  enable  them  to  apply  existing  machinery  to  a  section  of  the 
city,  using  more  modern  and  advanced  methods  for  other  sections. 
There  can  be  no  standing  still,  and  all  this  paper  pretends  to  be 
is  a  statement,  up  to  the  31st  December,  1891,  of  what  it  has  cost 
to  put  down  an  alternating  plant  and  serve  nine  miles  of  «)ute — 
where  pipes  are  on  both  sides  of  a  thoroughfare,  the  distance 
being  only  counted  once — with  electric  energy ;  no  promotion  or 
other  costs  of  a  like  nature  having  been  incurred — ^in  fitct,  it  is  a 
case  of  electricity  upon  its  merits. 

The  President  :  I  beg  to  propose  a  vote  of  thanks  to  both 
authors  for  the  interesting  and  useful  paper  which  they  have 
given  us. 

The  vote  of  thanks  was  accorded  by  acclamation. 

The  Pbesident  announced  that  the  following  candidates  had 
been  duly  elected : — 

Associates  : 

A.  Lee  Pogson. 


Juan  Abella. 
J.  Devonshire. 
Haydn  T.  Harrison. 


George  Bolf. 
Hugh  Treheme. 


Henry  E.  Walter. 

StudeTits: 
Arthur  Frederick  Harris.         I    Creorge  ThomashDavies. 


Franik  Holmes.  |    Leopold  L.  du  Vei^ 

The  meeting  then  adjourned. 
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THE   PEOBLEMS  OF  COMJIEECIAL  ELECTEOLYSIS. 

By  J.  Swinburne,  Member.* 

It  would  be  idle  to  attempt  to  go  over  the  whole  subject 
of  the  technical  applications  of  electrolysis,  as,  although  this 
development  of  industry  is  of  very  recent  growth,  it  is  already  so 
extensive  that  many  of  its  branches  demand  evenings  devoted 
exclusively  to  their  discussion.  My  object  is,  however,  to  take 
a  sort  of  bird's-eye  view  of  the  subject,  and,  if  possible,  to  try 
to  foresee  the  directions  in  which  others  must  seek  for  future 
developments. 

There  is  a  very  general  feeling  that  there  is  a  mine  of  untold 
wealth  in  the  application  of  electricity  to  metallurgy;  but 
chemists  are  not  generally  electricians,  and  electricians  are 
seldom  chemists.  It  seemed,  therefore,  advisable  to  bring  the 
paper  before  this  Institution,  in  the  hope  that  it  will  result  in  a 
discussion ;  and  if  it  leads  to  the  expression  of  the  views,  both  of 
electrical  engineers  and  manufacturing  chemists,  and  to  a  further 
approach  to  common  ground,  our  time  will  be  well  spent. 

However  puzzling  the  theory  of  electrolysis  may  be,  for 
commercial  purposes  it  may  be  regarded  as  involving  no  mystery. 
In  fiwst,  broadly  speaking,  we  may  disregard  the  electrical  side  of 
the  question  and  look  upon  electrolysis  as  a  method  of  oxidising 
and  reducing,  and  nothing  more.  It  must  be  remembered, 
however,  that  there  are  often  many  ways  of  oxidising  the  same 
substance.  For  instance,  a  sulphide  may  be  oxidised  into  a 
sulphite  or  sulphate,  or  sulphur  may  be  liberated.  Electrolysis 
does  not  always  afford  the  means  of  oxidising  in  the  particular 
manner  desired.  A  very  large  number  of  the  processes  employed 
in  chemical  industry  consist  merely  in  oxidising  and  reducing, 
special  conditions  being  arranged  to  suit  the  particular  substance 
being  operated  upon.     Once  we  take  this  broad  view,  all  we  have 

*  This  paper  will  be  disciiflBed  at  one  of  the  fint  meetliigi  after  the  recen 
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to  consider  is,  "  Which  of  the  oxidising  and  reducing  processes  in 
"  use  in  chemical  works  can  we  advantageously  replace  by  electrical 
''  methods  ?  '*  In  many  cases  electrical  methods  are  impossible; 
in  others  they  are  more  expensive  than  those  at  present  in  use ; 
but  it  is  hardly  too  much  to  say  that  in  an  enormous  number 
electrolysis  is  destined  to  play  a  leading  part  in  the  near 
future. 

Take,  for  instance,  the  case  of  reduction.  This  is  almost 
universally  effected  by  means  of  hot  carbon,  and  at  first  sight  it 
seems  unlikely  that  it  could  pay  to  bum  the  carbon  under  a 
boiler,  and  get  a  small  percentage  of  the  energy  back  in  tbe 
electrical  form,  and  to  utilise  that  portion  alone.  It  must  be 
remembered,  however,  that  the  methods  of  reduction  by  burning 
carbon  are  themselves  exceedingly  inefficient,  and,  moreover,  they 
very  often  give  impure  products.  By  means  of  electrolysis,  how- 
ever, it  is  firequently  possible  to  secure  metals  of  the  highest 
purity  by  direct  processes.  Before  going  further,  it  will  be  wise 
to  form  some  idea  of  the  cost  of  electrical  energy  in,  say,  a  large 
chemical  works.  Of  course  '*  cost "  is  a  loose  term :  we  might 
calculate  it  from  the  cost  of  coal  and  labour  and  sundries; 
or  we  might  add  interest  and  depreciation,  rent  and  superintend- 
ence. In  all  cases  in  estimating  the  cost^  further  additions  have 
to  be  made  for  standing  charges,  advertising,  profits,  maintaining 
patents,  &c.  It  is  unnecessary  to  trouble  ourselves  about  defini- 
tions of  cost,  for  if  it  is  stated  how  the  figures  are  obtained,  the 
selling  price  can  be  worked  out  and  comparisons  can  be  made. 

Suppose  a  plant  is  put  up  to  give  a  million  watts :  it  will  be 
found  that  if  the  plant  is  taken  as  running  day  and  night, 
including  Sundays,  and  if  the  best  engines,  with  modem 
dynamos,  are  employed,  the  cost  comes  out  about  0*2od.  per 
kilowatt-hour.  This  figure  includes  interest,  and  depreciation  of 
engines,  boilers,  and  buildings,  and  coal,  labour,  and  petty  stores ; 
but  does  not  include  rent  or  salaried  superintendence.  This 
figure  will  appear  ridiculous  to  those  accustomed  to  London 
central  stations ;  but  that  is  because  central  stations  work  under 
the  most  disadvantageous  conditions  possible,  while  a  chemical  | 
works  has  everything  in  its  favour. 
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Oxidation  and  Eeductioi^. 

Oxygen. 

The  first  obvious  application  of  electrolysis  is  the  decom- 
position of  water.  In  an  acid  solution  platinum  or  lead  anodes 
are  necessary;  platinum  is  expensive,  and  lead  takes  a  high 
electro-motive  force,  so  it  would  be  best  to  use  an  alkaline  solution 
with  iron  electrodes.  Allowing  2  volts  as  the  pressure  required, 
the  cost  comes  out  at  5s.  7d.  per  1,000  feet  for  the  oxygen. 
The  hydrogen  is  taken  as  valueless.  As  the  output  in  oxygen 
must  be  small,  we  must  take  a  much  higher  figure  than  the 
farthing  per  kilowatt-hour — in  fact,  it  would  be  safer  to  double  the 
price  and  say  lis.  2d.  To  find  the  selling  price  we  must  allow  for 
packing  in  cylinders,  and  add  all  the  trade  charges,  which  will 
probably  bring  the  price  up  to  something  like  15s.  per  1,000 
cubic  feet.  The  retail  price  of  Brinn's  oxygen  is  2d.  per  cubic 
foot,  so  there  would  appear  to  be  a  very  large  margin. 

AlhalL 
We  come  next  to  a  subject  which  has  already  absorbed  an 
enormous  amount  of  labour  and  thought,  and  that  is,  the 
production  of  caustic  soda  and  chlorine  from  common  salt.  The 
Leblanc  and  Weldon  process  is  exceedingly  complicated  and  very 
costly ;  and  as  by  simply  electrolysing  salt,  costing  about  15s.  a 
ton,  chlorine  and  caustic  soda  can  be  produced,  it  seems,  at 
first  sight  at  least,  most  strange  that  electrolytic  processes  have 
not  replaced  all  others  within  the  last  few  years.  Assuming 
that  the  process  works,  let  us  first  form  a  rough  idea  of  its 
probable  economy.  With  suitable  vats,  and  a  reasonable  current- 
density,  we  may  take  it  that  3  volts  is  a  liberal  allowance.  For 
the  ton  of  70  per  cent,  caustic  soda  we  have — 

£      6.     d. 
Electrical  energy 2  15     0 

oaiii  «B.         •••         •••         •• 
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(       For  £5  we  have  thus  obtained  a  ton  of  caustic  and    1^  tons 
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of  bleaching  powder.  We  have  allowed  nothing  for  the  cost  of 
vats,  for  labour  at  the  vats  and  in  handling,  or  for  evaporation 
of  causticised  liquor.  The  ordinary  caustic  liquor  after  causti- 
cising  is  quite  weak,  but  electrolytic  caustic  can  be  made  into 
a  strong  lye.  On  a  small  scale  I  have  produced  lye  with  SO 
per  cent,  caustic.  To  do  this  the  brine  is  electrolysed  and  then 
stirred  up  with  more  salt,  and  so  on ;  the  process  being  repeated 
several  times.  Strong  caustic  is  a  good  conductor,  so  this  method 
is  good  from  that  point  of  view  as  well  as  firom  that  of  saving 
in  evaporation.  Evaporation  with  a  Taryan  should  not  come  to 
more  than  a  shilling  or  two  a  ton  extra.  It  would  doubtless  be  safe 
to  say  that,  taking  this  way  of  estimating  the  cost,  a  ton  of  caustic 
and  a  ton  and  a  half  of  bleach  should  be  made  for  £6.  This  allows 
an  enormous  margin  for  expenses  and  for  profits.  This  method 
of  estimating  is  very  rough ;  and  unless  a  new  process  worked 
out  in  this  sort  of  way  comes  out  with  an  enormous  margin,  it  is 
not  likely  to  be  worthy  of  serious  consideration.  On  looking  into 
it  further,  it  will  generally  be  found  that  when  all  the  details  of 
expenditure  which  will  be  necessary  in  practice  are  added,  the 
margin,  if  it  still  exists,  is  too  small.  In  fact,  a  new  process 
must  look  marvellously  good  on  paper  to  be  really  worth  anything 
when  tried  commercially.  Electrolytic  soda  and  bleach  seems 
to  have  an  excessive  margin,  however,  and  we  have  to  see 
whether  there  is  any  other  weak  point. 

I  believe  the  difficulty,  and  the  only  difficulty,  lies  in  the 
anodes.  Process  after  process  is  brought  out,  and  each  claims  to 
have  solved  the  problem  of  electrolytic  soda  by  the  use  of  some 
new  arrangement  of  the  porous  partition,  or  by  some  other  detail 
which  can  hardly  make  all  the  difference  between  success  and 
failure.  The  various  processes  make  a  little  excitement  for  a  time, 
and  then  disappear,  I  believe  because  the  anodes  are  destroyed. 

Of  course  none  of  the  ordinary  metals  can  be  used  as  anodes, 
as  they  are  attacked  at  once.  Platinum  is  generally  supposed  not 
to  be  attacked  by  chlorine ;  but  I  find  that  it  is  slowly  eaten 
away.  I  would  like  to  hear  this  confirmed  or  denied  by  others, 
for  it  is  a  very  important  point.  On  the  one  hand  I  find  experi- 
mental anodes  eaten  away ;  on  the  other  we  hear  of  platinum 
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anodes  being  used  extensiyflily  in  the  electrolysis  of  chlorides.  Of 
course,  in  the  manufacture  of  Biudi  a  che^  commodity  as  soda,  tJfie 
capital  invested  in  platLaum.  anodes  would  be  prohibitive ;  and  the 
least  waste  of  metal  would  lead  to  ruinous  expenditure.  The 
next  material  to  consider  is  oarbon«  In  1882  Bartoli  and 
PapasogU  pointed  out  that  carbon  was  attacked  when  used  in  any 
solution  which  evolves  oxygen.  Without  knowing  of  their  work, 
I  Ibund  the  saone  thing  by  a  series  of  experiments  carried  out  in 
188^  In  those  days  it  was  tacitly  assumed  that  carbcoi  with 
peroxide  of  lead  could  be  used  in  the  ordinary  secondary  batteries, 
without  any  fear,  of  local,  actionu  Though  carbon  does  not  seem 
to  combine  with  chlorine  during  electrolysis,  I  find  that  it  is 
always  attacked,  even  in  a  solution  of  salt.  I  have  tried  every 
kind  of  carbon  I  can  think  of,  and  the  result  has  alway^s  been  that 
the  anode  was  corroded.  I  do  not  mean  to  say  that  carbon  is 
eaten  away  at  a  rate  at  all  cttrresponding  to  that  witii  which  the 
soda  is  formed;  in  comparison  the  corrosion  is  slow.  It  must  be 
remembered,  however,  that  a  very  slow  corrosion  makes  carbon 
anodes  useless  when  the  products  are  cheap. 

Carbon  is  also  troublesome  mechanically.  It  is  difBcult  to 
make  good  contacts  with  it,  especially  when  there  is  chlorine 
about.  Large  carbon  plates,  are  also  expensive.  Mr.  Greenwood 
overcomes  this  last  difSiculty  by  electro-plating  one  side  of  a 
number  of  comparatively  small  plates,  and  then  soldering  thcon 
to  a  plate  of  tjrpe  metal.  The  type  metal  is  not  exposed  to  the 
solution  anywhere,  eke  it  would  be  attacked  by  the  chlorine.  By 
this  means  he  produces  a  large  carbon  anode  with  a  good  metallic 
connection. 

Peroxide  of  lead  seems  to  present  a  solution  of  the  problem. 
Unfortunately,  however,  peroxide  of  lead  is  reduced  by  hydrochlcaic 
acid ;  and  it  seems  to  be  impossible  to  electrolyse  salt  without  pro- 
ducing some  free  acid  at  the  anode.  Some  specimens  of  lithanode 
I  tried  were  attacked ;  I  do  not  know,  though,  whether  the  inex- 
haustible ingenuity  of  Mr.  Fitzgerald  has  produced  any  special 
make  which  will  stand  traces  of  free  acid.  I  am  inclined  to  think, 
therefore,  that  progress  is  barred  in  this  direction  solely  by  the 
want  of  a  good  anode.    If  this  is  the  case,  there  is  a  fortune 
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awaiting  the  inventor  who  can  find  something  which  wOl  act  as 
an  anode  in  a  solution  of  common  salt. 

I  have  tried  electrolysing  sodium  sulphate.  There  is  not  the 
same  margin  here.  You  get  hydrochloric  acid  as  a  by-prodnct, 
instead  of  chlorine,  so  that  the  Weldon  process  would  still  be 
necessary ;  and  the  sulphuric  acid  would  have  to  be  concentiated 
every  cycle,  in  order  to  act  on  the  next  batch  of  salt.  This 
process  would,  in  bct^  save  the  black  ash  part  of  the  soda  process; 
and,  like  all  these  methods,  would  demand  carbonic  acid  to  make 
soda  crystals.  Of  course  this  last  is  not  a  serious  difiSculfy,  espe- 
cially if  quicklime  is  needed  to  absorb  the  chlorine.  In  this  case 
I  tried  lead  anodes,  when,  to  my  surprise,  the  small  traces  of 
chloride  left  in  the  sulphate  corroded  the  lead  anodes. 

Paper-makers  use  large  quantities  both  of  caustic  and  bleach, 
and  they  recover  soda  and  causticise  it  on  their  works.  It  would 
therefore  be  an  enormous  advantage  to  be  able  to  produce  caustic 
and  bleach  direct  on  their  own  premises.  I  do  not  know  if  the 
presence  of  salt  would  interfere  in  any  way  with  the  action  of 
caustic  in  the  grass  or  straw  boilers,  but  should  think  not  By 
making  the  caustic  on  the  spot,  a  saving  is  effected  in  the 
processes  otherwise  necessary.  There  would  be  no  need  to  con- 
centrate the  lye,  or  to  fish  out  the  salt  that  may  be  present. 
Caustic  drums  and  carriage  would  be  saved ;  but,  of  course,  against 
this  there  may  be  carriage  of  salt.  The  importance  to  paper 
works  is  so  great  that  it  is  almost  a  question  whether  it  would  not 
pay  to  face  the  corrosion  of  the  carbons,  and  to  arrange  vats  so 
that  the  anodes  can  be  easily  replaced. 

In  the  Hermite  process  the  chlorine  is  not  given  off,  but  a 
hypochlorite  is  formed.  Of  course  in  this  case  caustic  soda 
cannot  be  made.  For  paper  works  especially  it  is  obviously 
cheaper  to  supply  lime  and  get  bleaching  powder  and  caustic,  than 
to  make  sodium  hypochlorite  only.  This  may,  however,  depend 
on  the  anodes.  Platinum  anodes  are  used  in  this  process,  and  it 
seems  to  be  the  case  that  platinum  is  not  attacked  in  an  alkaline 
chloride.  If  this  is  so,  it  is  possible  to  produce  hypochlorite 
of  soda,  but  not  caustic  and  bleaching  powder.  The  Hermite 
process    is   apparently    commercially    successfal.      Magnesium 
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chloride  is  generally  employed  in  the  Hermite  process,  but  I 
have  been  told  that  salt  is  now  used.  It  has  been  said  that 
electrolytic  hypochlorites,  especially  of  magnesium,  have  more 
bleaching  power  than  the  ordinary  bleaching  powder.  Of  course 
a  sodium,  or  any  other  hypochlorite,  may  be  formed  which  has 
twice  as  much  of  its  chlorine  available,  when  compared  with 
bleaching  powder;  but  this  is  merely  an  apparent  gain,  as  it  takes 
twice  as  much  electricity  to  produce  the  hypochlorite.  Messrs. 
Cross  &  Bevan,  however,  hold  that  the  bleaching  power  of  these 
compounds  is  not  as  determined  by  arsenious  acid.  They  main- 
tain that  the  fibres  to  be  bleached  contain  some  ketones  or  other, 
and  these  ketones  absorb  some  of  the  available  chlorine,  especially 
when  provided  by  bleaching  powder;  that  the  hypochlorite  of 
sodium  and  of  calcium  waste  available  chlorine  on  the  useless 
work  of  chlorinating  these  ketones,  while  magnesium  hypochlorite 
devotes  its  whole  attention  to  honest  bleaching.*  Of  course,  if  it  is 
slightly  easier  to  oxidise  the  colouring  matters  than  to  attack  the 
ketones,  it  may  be  the  case  that  a  hypochlorite  of  a  weak  base, 
like  magnesium,  may  be  able  to  bleach,  but  not  to  attack  ketones. 
It  would  then  be  better  than  the  hypochlorite  of  calcium,  or 
especially  sodium.  These  matters  are  better  left  in  the  hands  of 
each  authorities  as  Messrs.  Cross  &  Bevan.  They  make  out, 
also,  that  electrolytically  prepared  magnesium  hypochlorite  is 
best.  This  seems  very  strange.  Of  course  it  would  mean  that 
some  other  salt  is  really  formed.  The  properties  of  a  salt  cannot 
depend  on  the  method  of  its  preparation,  and  there  is  no  magic 

in  electrolysis. 

Potassium  Chlorate. 

The  manufjGu^ure  of  potassium  chlorate  is  carried  out  by 
electrolysing  a  hot  solution  of  the  chloride.  The  chlorate  is  then 
formed  instead  of  the  hypochlorite.  This  process  is  carried  out 
on  a  large  scale  at  VaUorbes,  in  France,  under  the  direction  of 
M.  Oall-de-Montlaur.  It  is  stated  that  they  make  a  tx)n  a  day, 
24  H.P.-hours  yielding  2'2  lbs.  The  power  is  supplied  by  a  water- 
&11,  so  the  chlorate  should  be  very  cheaply  made,  if  the  anodes 
are  absolutely  free  from  corrosion.  Platinum  anodes  are 
employed. 
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The  Electrolysis  of  Fused  Salt. 

Msny  inventors  have  been  at  work  on  electrolysis  of  fiwed 
salt.  At  first  sight  this  also  seems  most  simple*  Salt  is  cheap, 
and  is  fusible,  and  therefore  all  that  has  to  be  done  is  to  melt  it 
and  electrolyse  it,  getting  sodium  at  one  pole^  and  chlorine  it 
the  other.  The  sodium  could  be  sold  at  a  very  low  price  for 
making  aluminium,  and  for  amalgamation  in  gold  extraction,  and 
can,  of  course,  be  converted  into  caustic  soda  or  crystals  as 
desired.  Consumers  of  caustic  would  buy  the  metallic  sodium, ' 
and  would  add  water,  thus  obtaining  pure  caustic.  The  margin 
of  profit  in  this  case  is  apparently  enormous. 

The  difficulties  are,  however,  very  serious.  In  the  first  place, 
sodium  chloride  boils  at  a  very  little  above  its  melting  point. 
The  result  is  that  the  sodium  is  obtained  mixed  with  large 
quantities  of  salt.  Melted  salt  is  by  no  means  a  convenient 
substance  to  handle.  It  acts  on  many  kinds  of  clay,  so  that 
ordinary  fire-clay  crucibles  cannot  be  employed.  Chlorine  at  a 
temperature  corresponding  to  a  red  heat  is  also  troublesome  to 
deal  with.  It  is  said  that  chlorine  will  not  attack  a  dry  metal,  bo 
that  iron  can  be  used  for  the  containing  vessel.  Most  patentees 
describe  vessels  of  iron  with  porcelain  where  insulation  is  neoessaiy. 

We  now  come  to  the  anodes  again.  As  there  is  no  oxygen 
present,  it  would  seem  as  if  carbon  might  be  used.  Patentees 
always  mention  carbon  anodes.  Eetort  carbon  is  eaten  away,  and 
so  are  electric  light  or  artificial  carbon  rods. 

It  seems  strange  that  carbon  should  be  attacked,  and  it  wonld 
be  well  for  these  experiments  to  be  repeated,  to  make  sure  that 
there  is  no  error.  Of  course  carbon  is  the  only  hope.  Whether 
the  chlorine  is  dry  or  not,  metals  are  eaten  away  with  great 
rapidity.  The  anodes  are  corroded  chiefly  at  the  surface.  In 
addition  to  these  troubles,  the  theoretical  quantity  of  sodium  is 
not  obtained.  Some  people  have  supposed  that  there  is  a  sab- 
chloride  formed,  and  that  sodium  is  really  not  a  monoTalent 
metal.  This  is  rather  an  extravagant  notion.  I  do  not  know 
why  both  sodium  and  chlorine  should  not  be  soluble  in  the 
fused  chloride  without  forming  any  definite  compound.  So  many 
workers  have  been  unsuccessful  with  fused  salt,  that  it  looks  as  if 
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there  were  some  insuperable  obfitacle  in  the  way;  and  it  is 
queetionabie  whether  the  ground  is  worth  any  further  labour. 

Electrolysis  of  Fused  Soda. 
Castner  has  recently  proposed  to  produce  sodium  cheaply  by 
the  electrolysis  of  fused  caustic.  The  temperature  is  to  be  high 
enough  to  fuse  the  caustic,  but  not  high  enough  for  the  sodium 
to  decompose  the  fused  hydrate  forming  oxide.  Whether  this 
process  has  had  any  success  commercially,  I  do  not  know. 

Aluminium. 

The  extraction  of  ahiminimn  has  long  been  an  important 
pioblem.  The  old  metluMl  was  to  replace  ahimininm  in  its 
ohloride  by  means  of  sodium.  This  involves  the  manufacture 
of  metallic  sodium,  and  of  the  anhydrous  chloride  of  aluminium. 
The  anhydrous  chloride  cannot  be  obtained  by  evaporation  of 
its  solution,  as  the  solution  gives  off  hydrochloric  acid,  and 
leaves  alumina ;  otherwise  the  anhydrous  chloride  would  be  quite 
cheap.  The  prioe  of  sodium  has  been  reduced  recently  by  the 
Cbstner  process,  but  the  extraction  of  aluminium  by  ordinary 
means  is  still  so  expensive  that  electrical  methods  can  compete. 

It  seems  to  be  impossible  to  deposit  aluminium  from  any  of 
its  solutions,  so  fiised  salts  have  to  be  employed.  The  electro- 
lytic processes  differ  in  detail  only.  The  electrolyte  is  cryolite, 
or  a  solution  of  alumina  in  cryolite.  If  cryolite  is  electrolysed, 
aluminium  is  deposited,  and  fluorine  is  presumably  evolved  at 
the  anode,  which  is  made  of  carbon.  I  have  not  seen  any 
account  of  how  the  fluorine  comes  off.  Yet  in  some  processes 
it  is  stated  that  cryolite  is  electrolysed  by  itself.  In  the  Minet 
process  the  solution  of  oxide  is  employed,  and  aluminium  is 
deposited,  and  the  anodes  are  burned  away  by  the  oxygen, 
giving  off,  according  to  some  accounts,  carbon  dioxide,  but 
probably  the  monoxide  in  fact.  The  chief  difBculties  in  the 
ciectrolysis  of  cryolite  solutions  are  due  to  the  cryolite  itself,  as 
it  attacks  all  the  substances  commonly  employed  for  making 
cnudfales.  It  is  therefore  usual  to  use  cast  iron  to  make  the  con- 
taiiiing  vessels  or  vats,  and  to  heat  the  electrolyte  by  electrical 
power  from  the  inside. 
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Minet  uses  iron  vats,  and  arranges  a  shunt  current,  which 
makes  the  vats  to  some  extent  cathodes,  so  that  they  are  not 
attacked  by  the  electrolyte.  Presumably,  fluorine  is  soluble  in 
fused  cryolite,  and  attacks  iron.  By  making  it  a  cathode  it  is 
always  coated  with  aluminium,  so  that  any  fluorine  is  taken  up 
in  dissolving  off  some  of  this  aluminium.  The  importance  of 
preventing  the  corrosion  does  not  lie  so  much  in  the  slight  saving 
of  iron  as  in  the  avoidance  of  any  deposit  of  this  metal  in  the 
aluminium.  The  great  difficulty  is  to  get  the  aluminium  pure,  and 
any  trace  of  iron  reduces  its  value  for  most  purposes  very  greatly. 
Minet  reduces  the  melting  point  of  the  electrolyte  by  the  addition 
of  common  salt.  In  the  Hall  process,  carried  on  at  Pittsburg, 
the  electrolyte  is  practically  the  same.  Calcium  fluoride  is  used 
to  mix  with  the  cryolite,  or  calcium  chloride.  The  Kleiner,  and, 
I  believe,  the  Hall,  processes  are  carried  on  in  England.  The 
processes  have  so  often  been  fully  described  elsewhere,  that  I 
need  not  discuss  them  at  any  length  here.  There  is  still  a  great 
demand  for  cheaper  aluminium;  and  there  is  much  to  be  done 
in  making  it  pure.  Aluminium  has  a  strong  affinity  for  silicon, 
and  small  percentages  of  silicon  and  iron  are  generally  present, 
and  are  very  deleterious. 

Magnesium. 

This  metal  is  closely  allied  to  aluminium,  and  is  similar  with 
regard  to  its  anhydrous  chloride.  There  is  not  the  same  demand 
for  it,  as  either  it  does  not  give  remarkable  alloys  like  those  of 
aluminium,  or  they  have  not  been  investigated.  It  is  said  to 
be  made  on  the  Continent  by  electrolysing  the  double  chloride  of 
magnesium  and  sodium  or  potassium  obtained  from  the  mother 
liquor  after  evaporating  sea  water.  The  double  salt  can  apparently 
be  rendered  anhydrous  without  the  formation  of  much  magnesia. 

Zinc. 
Pro^x)sals  have  been  made  to  deal  with  zinc  ores  electricallj. 
The  blend  is  to  be  roasted  into  sulphate,  and  the  solution  dissolved 
and  electrolysed.  A  great  difficulty  arises  in  the  deposition  of  the 
metal.  It  comes  down  in  trees.  Kiliani  prox)Osed  to  use  high 
current-densities,  holding  that  zinc  then  comes  down  in  the 
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regoline  state.  Watt  prefers  to  use  acetate  of  zinc  as  the  electro- 
Ijte;  and  alkaline  solutions,  such  as  zincate  of  soda,  have  also  been 
proposed.  I  am  not  aware  that  zinc  has  been  deposited  com- 
mercially. Similar  processes  have  been  proposed  for  dealing  with 
the  silver-zinc  alloy  prodaced  in  the  Parkes  or  Karsten  desilverisa- 
tion  process. 

Lead. 

So  fer,  little  has  been  done  in  the  way  of  dealing  with  lead 
ores  electrically.  It  has  been  proposed  to  make  anodes  of  galena, 
and  to  work  with  lead  nitrate  as  electrolyte,  but  I  have  not  heard 
that  any  such  process  has  been  carried  out  successfully.  It  is 
hardly  likely  that  it  could,  as  lead  forms  troublesome  trees  in 
add  solutions.  Anyone  who  has  worked  with  solutions  of  such 
salts  as  lead  nitrate  would  be  inclined  to  give  up  all  hope  of 
obtaining  anything  like  a  reasonably  compact  deposit  of  lead. 

The  extraction  of  silver  from  lead  by  the  Pattinson  process  is 
vexy  cumbrous  and  roundabout,  and  is,  of  course,  expensive. 
Keith  started  a  works  in  America  for  desilverising  electrolytically. 
He  used  a  solution  of  sulphate  of  lead  in  sodium  acetate  as 
electrolyte.  Though  the  Keith  process  was  brought  out  some 
ten  years  ago,  it  does  not  seem  to  have  come  into  general  use. 
The  deposit  of  lead  even  from  such  a  solution  as  sodium  plumbite 
is  veiy  bulky  and  spongy,  and  is  diflBcult  to  deal  with,  as  it  is  apt 
to  decompose  water  and  oxidise  spontaneously  during  handling. 

Gold  and  Shaer. 

Greenwood  and  others  have  proposed  to  make  chlorine  elec- 
trolytically for  catching  gold  by  the  chlorine  process.  As  this 
is  exactly  the  same  problem  as  making  bleaching  powder,  the 
same  difficulties  have  to  be  overcome ;  so  it  need  not  be  discussed 
further. 

Mr.  Crookes's  sodium  amalgam  for  making  the  mercury  ready 
to  seize  any  particles  of  gold,  and  to  keep  it  from  getting  "  sick," 
can  be  replaced  by  making  the  mercury  itself  the  cathode.  It  is 
questionable  whether  this  would  be  worth  while,  as  the  sodimn 
amalgam  is  very  convenient. 

Mr,  Crookes   has   recently  brought  out  other  electric  gold 
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processes.  He  finds  that  the  particles  of  gold  become  amalgar 
mated,  and  collect  and  get  caught  in  the  mercury,  if  the  stamped 
quartz  is  washed  in  a  weak  solution  of  a  mercury  salt,  under 
the  influence  of  an  alternating  current  of  small  frequency.  It 
is  difficult  to  see  how  the  alternating  current  works.  Unless 
the  current-density  or  the  resistance  of  the  electrolyte  is  some- 
thing fabulous,  there  cannot  be  any  current  in  the  small  particles 
of  gold,  as  the  minutest  polarisation  would  make  all  the  elec- 
tricity flow  by  the  electrolyte,  and  not  by  the  little  pieces  of 
gold,  even  though  they  are  very  much  better  conductors, 

Electro-Metallurgy  of  Copper, 

Electrolysis  may  be  employed  either  in  connection  with  the 
■extraction  of  the  copper  from  its  ores,  or  in  refining  copper, 
especially  when  there  is  silver  alone,  or  with  gold  in  addition,  to 
be  extracted. 

In  the  first  case — ^that  of  extraction  of  copper  from  pyrites— the 
ore  may  be  converted  into  matt,  and  the  matt  can  be  cast  into 
anodes,  or  the  ore  may  be  acted  on  by  oxidising  solutions 
produced  by  electrolysis,  or  the  two  processes  may  be  combined. 

In  the  first  method  the  matt  is  cast  into  anodes,  which  are 
treated  in  baths  of  copper  sulphate  with  copper  cathodes.  The 
sulphides  are  attacked,  sulphate  of  copper  is  formed,  sulphur  and 
impurities  being  left  on  the  anode.  The  copper  is  deposited,  and 
iron  remains  in  solution.  The  chief  difficulties  in  connection 
with  this  process  are  that  the  anodes  are  brittle  and  troublesome, 
and  are  often  eaten  away  unevenly,  and  the  solution  becomes 
richer  and  richer  in  iron  salts.  In  addition  to  this,  it  is  stated 
that  the  circulation  of  the  iron  salts  must  be  avoided,  otherwise 
ferric  sulphate  will  be  produced  at  the  anode  and  reduced  at  the 
cathode ;  and  this  process  will  go  on  wasting  power  over  resist- 
ance.    Some  sort  of  diaphragm  is  therefore  necessary. 

It  must  be  pointed  out  that  sulphuric  add  can  be  made  from 
the  sulphur  dioxide  given  off  in  the  first  roasting  of  the  ores,  or 
from  the  surplus  ferrous  sulphate.  The  ore  can  be  roasted  so  as 
to  have  a  good  deal  of  soluble  oxide  of  copper,  which  can  be 
dissolved  in  the  acid  and  treated  electrically.    Merely  working 
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with  anodes  is  an  incomplete  process ;  it  is  better  to  combine 
it  with  extraction  by  lixiviation.  The  solution,  after  being  in 
contact  with  the  anode,  so  as  to  contain  ferric  sulphate,  is  led  to 
the  ore.  The  ferric  sulphate  is  reduced,  and  the  copper  and  iron 
are  said  to  be  dissolved,  and  if  there  is  oxide  of  copper  it  is  taken 
up  by  sulphuric  acid.  This  solution  is  led  to  the  cathodes,  where 
the  copper  is  thrown  down,  and  is  then  passed  to  the  anodes,  where 
the  iron  salt  is  oxidised.  The  various  impurities  and  the  precious 
metals  are  left  with  the  sulphur  of  the  anode.  The  sulphur  is 
burned  into  sulphur  dioxide,  which  goes  to  the  chamber,  and  the 
silver,  with  the  gold,  if  there  is  any,  is  extracted.  The  sulphate 
of  iron  can  be  burned  into  sulphur  dioxide,  and  the  iron  oxide 
sold  as  Venetian  red.  This  is,  in  rough  outline,  the  Marchese 
process.  It  may  seem  strange  to  those  unacquainted  with  indus- 
trial chemistry  that  if  you  want  to  extract  copper  you  should 
also  become  involved  in  making  sulphuric  acid  and  red  paint; 
but  in  chemical  works  by-products  must  be  utilised,  so  that  often 
making  one  thing  involves  the  production  of  a  number  of  other 
substances  which  have,  at  first  sight  nothing  to  do  with  it.  Messrs. 
Siemens  &  Halske  avoid  the  necessity  of  making  anodes  of  matt, 
by  employing  carbon.  The  ferrous  sulphate  is  thus  oxidised 
into  the  ferric  salt,  and  this  is  used  to  lixiviate  the  crushed 
and  roasted  ore.  The  solution  is  then  led  to  the  cathodes  first 
to  take  out  the  copper,  then  to  the  anode  to  oxidise  it,  and  so  on. 

In  the  Hopfher  process  chloride  of  copper  is  used  instead  of 
sulphate.  The  action  is  stated  to  be  as  follows  : — Cupric  chloride 
is  formed  at  the  anodes  ;  this  is  led  to  the  matt,  where  it  attacks 
the  copper  sulphide,  forming  cuprous  chloride  and  sulphur ;  and 
it  is  also  said  to  dissolve  the  silver  as  well  as  the  copper,  which, 
if  possible,  wovdd  be  a  drawback.  I  do  not  know  why  the  chloride 
should  be  preferred  to  the  sulphate ;  and  no  information  is  given 
as  to  what  is  done  with  the  sulphur  in  the  ore,  and  with  the 
excess  of  ferrous  chloride  that  must  be  produced. 

The  Marchese  and  Siemens  &  Halske  processes  are  in 
commercial  operation,  and  the  electric  extraction  of  copper  is 
abready  a  growing  industry.  The  electro-motive  force  necessary 
for  this  process  is  less  than  a  volt ;  so  that,  assuming  coal  to  be 
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used  as  in  the  estimate  at  the  beginning  of  this  paper,  the 
electrical  cost  is  148,  5d.  per  ton  for  the  extraction  of  copper.  I 
cannot  give  the  whole  cost,  as  that  involves  so  many  considerations. 
This  figure  will  give  copper  smelters  some  idea  of  the  saWng  of 
replacing  the  ordinary  refining  process  by  electrolysis. 

In  dealing  with  such  a  valuable  substance  as  copper  the  time 
element  must  not  be  neglected.  The  interest  on  the  money 
locked  up  in  the  copper  under  treatment  may  be  a  very  serious 
item.  This  is  an  objection  of  some  weight  in  the  case  of  matt 
anodes,  which  take  some  time  to  dissolve.  The  whole  of  the 
copper  turned  out  is  not  obtained  from  the  anodes ;  but,  taken  all 
round,  it  may  not  be  far  wrong  to  assume  that  the  copper  takes 
about  three  months  to  pass  through  the  works  where  matt  anodes 
are  employed.  If  the  output  is,  say,  1,000  tons  a  month,  the 
copper  represents  a  capital  of  some  £150,000,  and  the  interest 
increases  the  cost  of  refining  some  12s.  a  ton. 

Electrolysis  may  also  be  employed  for  refining  crude  copper* 
In  this  case  the  process  is  simplicity  itself.  The  crude  copper  is 
made  into  anodes,  and  thin  plates  of  fine  copper  are  used  as 
cathodes,  the  electrolyte  being  sulphate  of  copper.  Pure  copper 
is  deposited  on  the  cathodes,  and  the  impurities,  and  the  silver  and 
gold,  are  left  in  the  mud,  and  the  precious  metals  are  extracted  in 
the  ordinary  way.  It  is  usual  to  employ  cast  anodes,  and  arrange 
the  plates  in  each  vat  in  parallel,  the  vats  themselves  being 
coupled  in  series.  This  arrangement  is  clumsy,  and  should  be 
modified.  I  have  had  an  opportunity  of  examining  the  large  copper 
refinery  at  the  Bridgeport  Copper  Works,  and  it  may  be  well  to 
describe  the  arrangement  employed  there.  As  the  books  were 
examined  by  Mr.  J.  H.  Hays  at  the  same  time,  I  am  also  able  to 
give  you  the  actual  cost  of  the  process,  without  having  too 
roseate  a  hue  imparted  by  an  enthusiastic  inventor.  The  re- 
finery is  arranged  and  worked  in  accordance  with  the  patents  of 
Mr.  E.  S.  Hayden.  The  departures  from  ordinary  practice  are 
made  with  the  view  of  reducing  the  amount  of  copper  under 
treatment,  and  of  keeping  down  the  cost  of  labour. 

The  anodes,  instead  of  being  thick  cast  copper,  are  sheets  of 
thin  rolled  metal.     The  cost  of  rolling  is  small,  and  the  plates  used 
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can  thus  be  made  thin,  and  dissolved  very  uniformly.  Each  vat 
contains  a  number  of  plates  arranged  vertically  and  across  the  vat. 
At  one  end  a  thin  plate  is  supplied  as  a  cathode.  The  first  plate 
is  made  the  anode,  and  copper  is  eaten  off  one  side  of  each  plate, 
and  deposited  on  the  plate  next  to  it.  The  result  is  that  each 
vat  acts  as  a  number  of  small  vats  arranged  in  series,  and  requires 
only  two  electrical  connections.  The  whole  question  of  large 
leads  and  connections  is  thus  solved.  There  is  almost  no  waste 
through  partly  consumed  anodes,  as  the  whole  plate  is  eaten  away 
evenly.  The  process  is  carried  on  until  the  whole  of  the  anodes 
are  eaten,  and  their  place  taken  by  the  pure  deposited  copper. 
The  plates  are  hosed  and  removed,  and  the  slime  is  treated  to 
recover  the  silver  and  gold.  The  product  is  the  highest  grade  of 
copper  in  the  market,  and  fetches  £6  10s.  a  ton  above  "  tough 
"  cake,"  or  £4  lOs.  above  "  best  selected."  Silver  and  gold  are 
completely  separated  without  loss,  and  as  35  oz.  of  silver  and 
^  oz.  gold  per  ton  are  allowed  as  tare,  any  copper  containing  more 
than  that  yields  £S  per  ton  in  bullion.  Argentiferous  copper  thus 
yields  at  least  £14  lOs.,  leaving  the  gross  profit  of  £12  lOs.  at 
present  rates.  I  have  here  taken  the  cost  of  refining  at  £2  per 
ton.  The  actual  cost  of  refining  copper  depends  on  the  output  of 
the  works  and  the  cost  of  labour.  In  Bridgeport  it  came  out  just 
over  £2  a  ton.  With  modem  dynamos,  and  reasonably  good 
engines  and  labour  at  English  prices,  the  cost  would  be  a  good 
deal  less,  say  20s.  to  25s.  per  ton.  The  use  of  thin  plates  as 
anodes  also  reduces  the  capital  investment  in  copper,  which,  as 
already  pointed  out,  may  be  enormous,  and  thus  lessens  the 
margin  to  be  allowed  for  fixed  charges. 

The  Elmore  process  is  too  well  known  to  require  a  full 
description.  The  copper  is  deposited  on  a  revolving  mandrel 
and  burnished  by  a  travelling  agate  burnisher.  By  this  meaxis 
copper  tubes  of  great  strength  are  made,  and  by  cutting  the 
tubes  sheets  are  produced.  Narrow  strips  can  also  be  made,  and 
these  can  be  drawn  down  into  high-grade  copper  wire..  A  number 
of  thin  sheets  can  be  made  by  depositing  several  separate  coatings 
one  over  the  other  on  the  mandrel.  The  sheets  separate  when  the 
tube  is  slit  lengthways. 

VOL.  XXL  36  r^^^^T^ 
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Writers  of  books  on  political  economy  are  fond  of  saying 
that  the  chaffering  of  the  market  makes  people  manufacture 
in  the  cheapest  way,  and  that  the  cheapest  and  best  goods 
displace  dearer  and  inferior  qualities.  They  forget  the  inter- 
ference, of  custom,  ignorance,  and  prejudice.  If  a  new  process 
is  brought  out,  it  takes  ages  before  it  is  taken  up  abroad,  and 
still  longer  before  Englishmen  will  touch  it.  Here  we  have 
a  process  of  refining  copper  at  a  gross  cost  of  £1  or  £2  a  ton* 
with  a  gross  profit  of  £13  or  so;  and  yet  copper  refiners  continue 
their  barbarous  methods.  The  first  manufacturers  to  take  up 
copper  refining  by  electrolysis  on  really  modem  principles  have  a 
chance  of  making  fortunes  before  the  market  is  disturbed. 

Aktimony. 

Little  has  been  done  in  the  way  of  treating  antimony  ores 
electrolytically.  Dr.  W.  Borchers  proposes  to  use  the  solution  of 
sulphide  in  sodium  sulphide  as  an  electrolyte,  and  to  deal  with  the 
ores.  The  srpecimens  of  antimony  ore  that  I  have  examined  have 
been  perfect  insulators,  so  that  regulus  of  antimony  cannot  be 
used  as  an  anode.  There  will  be  an  accumulation  of  sulphur  in 
the  bath,  and  it  will  probably  insulate  the  anode.  It  is  also 
difficult  to  say  what  material  could  be  employed  as  anode  in  sueb 
a  solution.  Carbon  would  be  attacked,  and  platinum  would  be  too 
expensive,  and  other  metals  would  be  converted  into  sulphides. 
As  the  reduction  of  antimony,  by  iron,  for  example,  is  com- 
paratively easy,  there  does  not  seem  to  be  much  opening  for  the 
electrolytic  treatment  in  dealing  with  its  ores. 

Recovery  of  Tin  from  Scrap  Tin. 

This,  of  course,  can  be  readily  effected  by  electrolj^sis.  The 
scraps  can  be  made  the  anode  in  an  alkaline  solution,  in  which 
iron  is  not  attacked.  Though  such  a  method  removes  all  the  tin 
from  the  surface,  it  may  leave  some  alloyed  with  the  iron,  as  no 
doubt  some  tin  sinks  into  the  iron  during  dipping. 

Electrolysis  has  also  been  employed  to  assist  in  cleaning  plates 
before  dipping.  I  do  not  see  how  it  can  be  of  much  service  here, 
however.    I  have  examined  one  of  the  processes,  and  it  was  said  to 
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be  working  very  successfully,  but  I  found  the  brushes  had  been 
accidentally  left  off  the  commutator. 

Electrical  Tanning. 

Electrical  tanning,  though  it  depends  on  electrolysis,  differs 
materially  from  all  the  processes  already  described  in  not  depend- 
ing on  the  isolation  of  radicles  at  the  electrodes.  Ordinary 
tanning  is  a  very  slow  process,  because  it  takes  a  long  time  for 
the  tannin  to  diffuse  into  leather  properly.  If  this  substance  is  an 
electrolyte,  it  has  a  very  complex  molecule,  and  therefore  diffuses 
very  slowly.  The  outside  of  a  thick  piece  of  leather  also  becomes 
tanned,  and  to  some  extent  protects  the  rest  from  the  diffusion 
of  more  tannin.  We  may  get  an  idea  of  what  I  suggest  is  the 
action  in  electrical  tanning  by  regarding  a  hide  as  being  made 
up  of  cells  in  groups,  with  interstices  among  the  groups.  If  the 
skin  is  merely  left  in  tan  liquor,  it  takes  months  for  the  liquor 
to  penetrate  even  into  the  interstices.  It  has  then  to  diffuse 
through  the  walls  of  the  cells.  This  is  necessarily  a  very  slow 
process,  when  it  is  remembered  that  the  gelatine  uses  up  the 
tannin  as  it  comes  in.  Mechanical  agitation  has  been  tried,  but 
it  does  not  accelerate  the  process  much.  It  is  probable  that 
agitation  helps  the  liquor  into  the  interstices,  but  of  course  it 
cannot  help  it  into  the  insides  of  the  cells,  or,  in  feet,  into  those 
parts  of  the  leather  which  are  accessible  by  diffusion  alone.  The 
agitation  can  thus  only  perform  the  first  part  of  the  process — that 
is,  getting  the  liquor  into  the  pores  that  are  open  to  it. 

Passing  electricity  through  the  vats  without  agitation  has 
also  been  tried,  but  it,  again,  is  of  little  or  no  use  by  itself. 

If,  however,  the  skins  are  agitated  and  electricity  is  passed 
through  the  bath  at  the  same  time,  the  agitation  circulates  the 
liquid  into  the  interstices,  and  the  electric  current  sends  the  tannin 
through  the  walls  of  the  cells,  so  that  the  leather  is  made 
infinitely  fester  than  by  the  ordinary  methods.  Dr.  Bideal  and 
Mr.  Trotter  have  made  numerous  and  elaborate  experiments  on 
electrical  tanning.  The  results  of  their  work  are  given  in  the 
exhaustive  paper  read  before  the  Society  of  Chemical  Industry. 
I  brought  forward  this  as  being  probably  the  explanation  during 
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the  discussion  on  their  paper,  and  it  agrees  entirely  with  the 
results  they  obtained.  The  best  results,  according  to  this  theory, 
would  be  secured  by  agitating  the  hides  first  to  get  the  liquor 
into  all  the  interstices  uniformly,  and  then  electrolysing  to  get 
the  tannin  into  the  skin  itself;  then  agitating  to  refresh  the 
solution  in  the  pores,  and  then  electrolysing,  and  so  on.  Messrs. 
Ilideal  and  Trotter  showed  that  this  method  does,  in  practice,  gire 
the  best  results.  Leather  made  in  this  way  also  has  a  better 
chance  of  being  uniform,  because  the  outside  is  not  acted  on 
perceptibly  quicker  than  the  inside. 

Tanning  by  agitation  and  electrolysis  combined  seems  to  have 
been  invented  by  Messrs.  Worms  &  Bal^,  and  their  process  has 
been  worked  successfully  for  some  time  past  in  France,  and  in 
England  by  the  British  Tanning  Co.  Mr.  Groth  has  developed  a 
modification,  "and  is  also  mating  leather  by  this  process.  Groth's 
appears  rather  better  than  ordinary  leather,  being  more  uniform 
in  texture,  and  giving  better  results  when  tested  for  tensile 
strength.     It  is  shown  at  the  Crystal  Palace  Exhibition  this  year. 

Ozone. 

Now  that  induction  coils  in  the  shape  of  transformers  have 
become  commercial,  there  is  every  reason  to  expect  that  ozone 
will  be  made  industrially.  Mr.  Fahrig  has  already  been  making 
ozone  commercially  in  this  country.  He  employs  an  alternate 
current  which  works  a  transformer  which  gives  a  high  electit)- 
motive  force.  Air  is  first  drawn  through  an  apparatus  which  is 
supposed  to  separate  the  nitrogen  by  diffusion.  As  nitrogen  and 
oxygen  have  nearly  the  same  densities,  it  is  hardly  likely  that 
much  nitrogen  is  separated.  The  air  is  then  led  through  the 
ozonisers.  These  consist  of  piles  of  corrugated  metal  plates  with 
sheets  of  celluloid  between  them.  They  are  alternately  positive 
and  negative,  being  connected  to  the  high-pressure  side  of  the 
transformer.  There  is  thus  an  alternating  discharge  from  the 
corrugated  electrodes  to  the  celluloid  sheets,  so  that  the  air  is 
ozonised  on  passing  through. 

Messrs.  Siemens  &  Halske  employ  ozonisers  of  the  more 
usual  form.    Two  concentric  glass  tubes  are  used.    One  electrode 


Digitized  by 


Googk 


THE  PROBLEMS  OF  COMMERCIAL  ELECTROLYSIS.         625 

is  inside  the  inner,  and  the  other  is  outside  the  outer  tube. 
High-pressure  transformers  are  of  course  employed,  and  the  air, 
or  oxygen,  is  partly  converted  into  ozone  on  its  way  there.  Very 
little  is  known  about  the  electrolysis  of  gases,  if  such  an  expression 
is  admissible.  The  so-called  silent  discharge  seems  to  work  best, 
but  the  whole  subject  now  demands  quantitive  investigation. 
The  use  of  glass  must  involve  low  efficiency,  as  glass  possesses 
the  property  of  dielectric  hysteresis  in  a  high  degree.  We  also 
want  to  know  the  current-density  and  frequency  which  give  the 
best  results.  The  arc,  and,  in  fact,  many  forms  of  electric 
discharge,  produce  traces  of  nitrogen  compounds.  It  is  worth 
pointing  out  that  if  under  any  commercial  conditions  nitrogen 
compounds  can  be  produced  from  air,  there  would  be  an  unlimited 
demand.  A  works  situated  on  a  waterfall  would  have  its  power 
and  material  provided,  and  the  only  cost  of  production  would  be 
the  interest  on  plant,  and  the  wages  of  a  man  or  two  to  look  after 
the  dynamos. 

It  has  been  said  that  chlorine  acted  on  by  the  electric 
discharge  is  aflFected  in  the  same  way  as  oxygen.  In  the  first 
place,  chlorine  is  already  quite  a  strong  enough  oxidant ;  and  in 
the  second,  it  is  difficult  to  see  how  chlorine  can  form  an 
allotropic  modification. 

Miscellaneous  Processes. 

Under  this  head  I  have  classed  a  few  electrolytic  processes 
whose  theory  is  obscure,  and  about  whose  practical  success  there 
may  be  some  doubt. 

Mr.  Webster  has  brought  out  an  electrolytic  sewage  process. 
The  effluent  has  electricity  passed  through  it,  and  this  is  said  to 
separate  the  solid  material  completely,  and  to  kill  all  germs.  Of 
course,  when  any  sewage  containing  salt  is  electrolysed,  it  produces 
chlorine  or  hypochlorites,  and  these  would  act  on  organic  matter. 
Hermite,  for  instance,  has  applied  his  process  to  the  disinfection 
of  ships.  This  does  not  seem  to  be  the  basis  of  Webster's  process, 
however,  and  there  seems  uncertainty  as  to  what  the  action  is 
supposed  to  be,  and  why  the  solid  particles  should  be  influenced 
by  the  current. 
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The  next  process  is  ageing  wine  and  spirits  by  means  of  the 
electric  current.  Whether  there  is  really  anything  in  this  I  do 
not  know.  Various  inventors  have  brought  out  methods  of  ageing 
liquors  by  electrolysis.  There  is  uncertainty  as  to  whether  the 
result  is  produced,  and  as  to  how  it  is  produced.  Various 
deleterious  alcohols  might  be  oxidised  into  ethers,  but  it  is  strange 
that  electricity  should  select  just  those  that  give  a  taste  which  is 
unpleasant  to  the  human  palate.  Mr.  Turell  uses  a  direct, 
while  M.  de  Meritens  employs  an  alternating  current. 

The  sterilisation  of  milk  by  electrolysis  is  another  process 
which  is  somewhat  obscure. 

The  Electric  Furnace. 

The  idea  of  using  the  heat  of  the  arc  for  producing  high 
temperatures  for  such  purposes  as  melting  iridium  is  about  half 
a  century  old.  Eecently,  however,  we  have  had  the  Cowles 
furnace,  used  especially  for  the  reduction  of  alumina.  Properly 
speaking,  this  does  not  come  within  the  scope  of  this  paper,  as 
there  is  no  reason  to  suppose  that  electrolysis  has  anything  to  do 
with  the  reduction  of  the  oxide.  By  pouring  the  power  from  a 
large  dynamo  into  a  carbon  resistance,  closed  in  so  that  the  heat 
cannot  readily  escape,  a  very  high  temperature  is  produced* 
Alumina  is  then  reduced  by  the  hot  carbon.  It  may  be  taken 
that  at  lower  temperatures,  such  as  those  produced  by  ordinary 
furnaces,  the  affinity  of  aluminium  for  oxygen  is  greater  than 
that  of  carbon,  and  that  at  the  higher  temperature  the  reverse  is 
the  case.  It  is  not  impossible,  however,  that  the  carbon  in  an 
ordinary  furnace  is  inactive  merely  because  it  cannot  get  iato 
good  contact  with  solid  alumina,  and  that  in  the  Cowles  furnace 
the  alumina  melts.  In  any  case,  there  is  no  reason  to  suppose 
there  is  any  electrolytic  action  going  on. 

The  Cowles  furnace  is  applicable  to  all  processes  which  demand 
very  high  temperatures,  such  as  the  reduction  of  oxides  of 
aluminium,  magnesium,  calcium,  barium,  strontium,  silicon, 
chromium,  boron,  tungsten,  and  manganese.  Of  course  many 
of  these  metals  are  not  at  present  in  demand ;  but  then,  it  most 
be  remembered,  that  may  be  because  there  has,  until  now,  been 
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no  way  of  making  them  reasonably  cheap.    Many,  if  not  all, 
of  these  metals  have  been  already  obtained  by  the  Cowles  process. 

It  is  a  question  of  economy  whether  the  Cowles  furnace 
should  not  be  employed  in  many  other  reduction  processes  which 
do  not  require  such  high  temperatures.  The  furnace  is  eflBcient, 
as  the  heat  is  applied  where  it  is  wanted,  and  little  is  wasted 
by  radiation  or  convection.  We  thus  have  to  compare  an 
ordinary  furnace  in  which  the  heat  is  applied  badly,  and  a  great 
deal  is  wasted  because  the  gases  go  oflf  at  a  very  high  tempera- 
ture, with  a  system  which  begins  with  an  efficient  furnace 
working  a  very  inefficient  heat  engine  and  an  efficient  electrical 
machine.  The  electrical  furnace  will  doubtless  soon  be  applied 
in  many  cases,  especially  those  which  ordinarily  involve  inefficient 
furnaces,  and  retorts  which  break  down  quickly  or  leak. 

The  manufacture  of  phosphorus  is  a  good  example.     On  paper 
the  process  is  simple.     Bone  ash,  or  tricalcic  phosphate,  is  not 
reduced   by   carbon  at  ordinary  furnace  temperatures,   so  it  is 
treated  with  sulphuric  acid,   and   converted  into  monocalcic,  or 
superphosphate.     Making  this  involves  making  sulphuric  acid,  or 
buying  it.     Acid  phosphate  is  then  heated  in  retorts  with  carbon, 
and  two-thirds  of  the  phosphorus  is  obtainable  theoretically.     If 
sand  is  used  it  acts  as  a  strong  acid — or,  rather,  anhydride — ^at  high 
temperatures,  and  all  the  phosphorus  should  be  obtainable.    The 
retorts,   of  course,  give  rise  to   trouble  and  expense.     Messrs. 
Beadman,  Parker,  &  Sobinson,  by  employing  the  electric  furnace, 
can  deal  with  mineral  phosphates,  and  require  no  sulphuric  add. 
I  do  not  know  whether  carbon  at  the  temperature  attained  in  the 
electric  furnace  will  reduce  calcium  phosphate  to   calcium   and 
phosphorus,  or  whether  calcium  phosphide  is  formed.    With  sand, 
of  course,  cal^um  silicate  is  formed.     One  might  expect  that  this 
would  be  reduced  to  calcium  and  silicon,  in  which  case  it  would 
be  reasonable  to  suppose  that  the  operation  could  be  carried  on 
without  silica.      It  has  been  said  that  some  oxides  which  can  be 
reduced  by  very  hot  carbon  when  dealt  with  separately,  can  form 
compounds  that  cannot  be  reduced  if  one  oxide  is  strongly  acid  in 
comparison  with  the  other.     If  that  is  the  case,  though  the  lime, 
and  silica  might  be  reducible  separately,  the  combination  of  the 
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two,  calcium  silicate,  might  be  irreducible.  Whetber  calcinm 
silicate  is  reducible  or  not,  silica  must,  of  course,  be  employed  if 
the  phosphate  would  otherwise  be  converted  into  phosphide. 

It  would  be  well  to  see  what  other  reduction  processes  could  be 
dealt  with  economically  by  the  Cowles  furnace.  Doubtless  there 
are  many,  and  Messrs.  Parker  &  Bobinson  are  sure  to  explore 
the  field  pretty  thoroughly. 

Conclusion. 

A  very  few  of  the  possible  applications  of  electrolysis  have 
been  described  in  the  foregoing  paper,  and  the  labours  of  many 
workers  have  been  passed  without  mention.  This  was  unavoidable. 
There  is  also  another  difficulty  in  writing  such  a  paper  as  this : 
I  have  not  worked  at  all  the  processes  myself,  and  have  had  to 
rely  on  published  accounts  in  many  cases.  Out  of  every  hundred 
new  inventions  in  electro-metallurgy,  ninety  are  impossible  chemi- 
cally or  electrically.  If  I  have  ruthlessly  cut  out  a  possible  or 
admitted  an  impossible  process,  I  must  ask  pardon  on  account 
of  the  impossibility  of  trying  all  the  processes  myself,  even 
experimentally,  and  must  plead  that  I  have  been  as  sceptical 
as  possible. 

There  are  other  directions  in  which  electrolysis  may  play  an 
important  part.  The  improvement  of  the  manufacture  of  white 
lead  deserves  the  most  careful  attention.  The  Dutch  process  is 
unhealthy,  costly,  and  barbarous.  The  electrolytic  manufac- 
ture of  aniline  dyes  has  received  considerable  attention.  Dr. 
Ooppelsroeder  &as  done  a  good  deal  of  work  in  this  direction, 
and  samples  of  silks  dyed  by  electrolytically  prepared  colours 
were  shown  both  in  the  Paris  and  the  Frankfort  electrical 
exhibitions.  The  extraction  of  gold  from  sea  water,  which  is 
said  to  contain  minute  quantities,  need  hardly  be  treated 
seriously.  Even  if  it  were  possible,  such  a  process  would  be  of 
no  use.  All  improved  processes  for  obtaining  precious  metals 
merely  enrich  some  at  the  expense  of  others,  and  reduce  the 
value  of  the  metals.  Obtaining  gold  more  easily  would  be  no 
good  to  the  community  unless  it  became  cheap  enough  to  be 
used  commercially. 
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THE  EDITOR   OF  THE  '' JOURNAL    OF  THE  INSTITUTION  OF 
ELECTRICAL  ENGINEERS.'' 

Sib, 

On  page  461  of  No.  99  of  the  Jouimcd  there 
occurs  the  following  statement,  which  I  made  in  the  course  of 
my  remarks  on  the  paper  by  Dr.  Gladstone  and  Mr.  Hibbert : — 
"  The  reason,  then,  why  in  the  curves  which  accompanied  our 
"  papers  of  1890  on  the  tests  made  on  the  E.P.S.  cells  no  such 
"  hump  was  seen,  was  probably  because  with  the  E.P.S.  type 
**  of  cell  you  are  only  allowed  to  discharge  with  a  rather  small 
"  current-density." 

It  would  have  been  more  accurate  had  I  said  "you  were" 
instead  of  **you  are,"  since  my  remark  applied,  of  course,  to 
the  1888  type  of  cell,  which  was  the  type  we  tested,  and  not 
to  the  K  type  of  E.P.S.  cell,  which  has  since  been  brought 
out. 

I  may  take  this  opportunity  of  mentioning  that  I  have 
recently  observed,  not  merely  the  hump  which  I  stated  on  May 
19th  had  been  noticed  in  my  laboratory  as  occurring  in  the  early 
part  of  the  charging  curve  of  non-pasted  accumulator  plates,  but 
also  the  hump  which  Mr.  Crompton  stated  that  he  had  observed 
in  the  early  part  of  the  discharging  curve. 

I  am,  &c,y 

W.  E.  AYRTON. 

J«/y  ISt/i,  1892. 
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Dr.  MBI8SHEB— THE  LADFFEN-HEILBRONN  WORKS. 

{Elektroterhnische  ZeitRchrift,  Vol  13,  iVo.  15,/>.  193.; 

The  generatore  are  driven  by  the  surplus  water  power  of  some  cement  works 
tit  Lauffen.  There  are  two  30P-H.P.  vertical  GeisliDgen  turbines  running  at  35 
revs.,  and  each  driving  an  CErlikon  Drehstrom  machine  giving,  at  150  revs.,  50 
volts  and  4,000  amperes.  A  third  similar  unit  is  to  follow ;  only  one  unit  and  one 
set  of  leads  are  at  present  working.  The  armatures  are  fixed,  and  the  field  magnet 
revolves ;  the  latter  has  one  circuit  and  82  pole-pieoes.  The  current  is  transformed 
up  to  5,000  volts  by  (Erlikon  transformers ;  these  are  not  run  in  oil,  in  order  to 
allow  of  easier  cooling.  The  line  is  of  6  mm.  copper  (No.  4  S.W.G.)  on  oil 
insulators,  and  about  6  miles  long.  Half-way  to  Heilbronn  the  line  passes 
Sontheim,  where  there  is  a  transformer  station  for  20,000  watts  for  local  use. 
Here,  as  also  at  Heilbronn,  there  is  a  switch  by  which,  in  case  of  serious 
•emergency,  the  line  can  be  short-circuited,  thus  blowing  the  fuses  at  I^aoffen,  which 
immediately  shuts  down  automatically.  Pilot  wires  are  ran  on  the  same  poles  as 
the  leads,  and  by  disconnecting  these  at  the  sub-stations  they  can  be  used  for 
telephoning  to  Lauffen  ;  the  voltmeters  falling  to  zero  acting  as  the  call.  After 
passing  Sontheim,  the  line  continues  to  Heilbronn,  where  the  current  is 
transformed  down  to  100  volts,  at  which  pressure  the  distributing  network  is  fed. 
1,100  16-C.P.  glow  lamps,  8  arcs,  and  15  H.P.  of  motors  are  now  running.  The 
loss  in  the  mai^s  is  10  per  cent,  at  full  load. 


E.  B&YXiZNSKZ— NOTE  ON  THE  CAPACITY  OF  OVERHEAD  LINES. 

(^Afmales  Tdegraphiques,  March,  1892,  p.  97.) 

M.  Vaschy  has  published  some  figures  on  this  subject  {Ann,  Tel,,  November, 
1892),  in  which  he  always  found  that  E  was  larger  than  the  value  calculated  from 
the  length,  &c.,  of  the  wire.  He  suggested  that  the  discrepancy  was  due  to  the 
effect  of  neighbouring  wires ;  but  M.  Brylinski  now  shows  that  this  will  not  nearly 
account  for  it,  and  that  the  real  cause  is  the  E  of  the  insulators.  From  measure- 
ments given  this  would  appear  to  be  of  the  order  of  0*0001  microfamd  each  when  dry, 
and  0'0004  when  wet.  The  insulation  resistance  of  the  insulators  being  rather  low, 
especially  when  wet,  made  the  capacity  tests  somewhat  difficult ;  the  throw  due  to 
the  capacity  being  complicated  by  the  conduction  current.  The  author  investigates 
the  question  at  some  length,  and  gives  the  following  results : — If  D  be  the  total 
throw  obtained  when  the  circuit  is  first  made,  and  d  the  permanent  deflection  due  to 
leakage,  then,  itdis  small  compared  to  D— say  not  greater  than  ^  D — the  throw 
-due  tothecapacityaloneis  A=l-0272D-0-84</;  whereas,  if  cf  be  large  compared  to 
D— !.«.,  getting  on  fop  D/2— then  A=  y  D-1-73  d.     In  a  subsequent  paper  by 
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M.  Lagarde  sevenl  farther  measurements  of  K  of  insulators  are  given,  with 
dimensions  of  the  injnilators  themselves ;  K  varies  from  0*00009  to  0*0002  micro- 
farad each. 

8ZSMSVS  and  HALHTT?!    COULOMBMETEB. 

(JElektroteekni9che  Zeitschrt/t,  Vol  18,  No.  22,  p.  289.) 

This  is  an  intermittent  integrating  meter  with  clockwork  motion.  The 
principle  is  the  same  that  has  heen  used  for  some  time  hj  the  makers  in  previous 
instruments  ;  the  novelty  of  the  present  one  heing  in  using  a  permanent  magnet 
"  A  and  P  "  type  of  ammeter.  The  clock  actuates  the  recording  mechanism  every 
two  and  a  half  minutes,  and  requires  winding  once  in  five  weeks. 


—  MABCHBB— EXPLOEING  NEEDLE  FOR  MAGNETIC  FIELDS. 

QLumiire  Electrique,  Vol.  44,  No.  18,  p.  236.) 

A  very  thin  steel  tube  is  closed  at  each  end  with  a  thin  iron  disc,  and 
magnetised ;  a  glass  tube  has  a  bulb  blown  at  the  end  rather  larger  in  diameter 
than  the  length  of  the  magnet,  the  bore  of  the  tube  being  large  enough  to  allow  the 
magnet  to  be  passed  down  it  into  the  bulb.  The  bulb  is  then  filled  with  liquid 
of  such  specific  gravity  that  the  steel  tube  will  be  in  equilibrio,  and  the  tube  closed 
with  plaster  close  down  to  the  bulb  in  it.  The  magnet  should  be  made  as  light  as 
possible,  and  works  very  well  when  it  is  In  equilibrio  in  liquid  of  0*7  to  0*8  specific 
Kravity. 


Mid  SBB&T— THE  APPARENT  REPULSION 
BETWEEN  TWO  CATHODE  RADIATION  BEAMS. 

{Wiedemann*s  Annalen,  Vol.  46,  No.  Hy  p.  158.) 

Mr.  Crookes  has  shown  a  tube  with  two  cathodes  at  one  end  and  the  anode  at 
the  other.  At  the  cathode  end  he  had  a  mica  screen  with  a  small  slit  in  it  opposite 
each  cathode.  He  also  had  a  plate  of  mica  covered  with  some  phosphorescent 
substance  lengthwise  in  the  tube.     If  only  one  of  the  cathodes  was  used,  the  ray 


passed  to  about  the  centre  of  the  tube  d ;  but  if  both  were  on,  the  two  rays  did  not 
meet,  but  passed  parallel  to  each  other  to  g  and  A.  This,  the  authors  say,  is  not 
really  due  to  repulsion.  Over  one  of  the  openings,  /,  they  hinged  a  small  door,  and 
found  that,  when  both  cathodes  were  joined  up,  the  beam  e  passed  to  g  just  the 
■une  when  the  other  ray  was  stopped  by  the  door  being  closed.  The  authors 
consider,  therefore,  that  the  direction  of  radiation  from  a  cathode  is  influenced  by 
the  presence  of  a  second  cathode  in  the  neighbourhood ;  that  the  change  is  due 
to  an  actual  directive  effect  at  the  cathode  Itself,  not  to  repulsion  between  the  two 
beams 
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STBECXE&  and  BZLLZCh-MEASUREMENTS  OF  COEFFICIENT 
OF  SELF-INDUCTION  OF  VARIOUS  TELEPHONES. 

{ElektroiechniKhe  Zeitschrifl,  Vol  18,  Xo,  21,/».  273.) 

Measnrements  are  given  of  86  di£Ferent  receiyers.  The  ralacs  varj  considerably : 
the  lowest  is  0-007  secohms  for  one  form'  of  Siemens  &  Halske ;  others  of  the 
tame  makers  averaging  0*15,  Bell-Blake  0-064  and  0-12,  Berliner  0*02  and  0*2, 
while  some  instruments  run  up  to  nearly  0*5  secohms. 


W.  KUirZ— THE  EFFECT  OF  TEMPERATURE  ON  HYSTERESIS. 

{EUktrotechnische  Zeitschrift,  Vol.  18,  No.  19,  />.  246.) 

This  is  a  preliminary  publication  of  the  results  of  some  experiments.  With 
equal  maximum  induction  the  hysteresis  loas  distinctly  diminishes  with  increase 
of  temperature.  In  a  piece  of  soft  iron  the  loss  per  cubic  centimetre  was  28,490 
ergs  when  cold,  19,180  ergs  at  630^  C.  (dull  red),  and  21,640  ergs  when  cold  again. 
Steel  showed  a  diminution  of  hysteresis  of  about  20  per  cent,  when  raised  to 
100°  C.    The  methods  of  measurement  are  not  given. 


O.  GaASSI— COMPENSATED  GALVANOMETER  OF  CONSTANT 
SENSITIVENESS. 

(A^.  dm,  (8),  80,;».  120,  1891 ;  Beiblaiter,  Vol  16,  No.  4,/i,  227.) 

In  a  tangent  form  of  galvanometer,  besides  the  ordinary  vertical  coil  ia  the 
meridian,  a  second  vertical  coil  in  the  plane  at  right  angles  to  the  first  is  trarersed 
by  the  current  in  a  direction  such  that  it  opposes  the  direction  of  the  earth's  force. 
If  a^  and  a,  ace  the  distances  of  the  centre  of  the  needle  from  the  peripheries 
of  the  two  coils  respectively,  n^  and  n,,  r^  and  r,  the  number  of  turns  and 
the  radii  of  the  coils,  a  the  deflection,  and  H  the  horizontal  component,  then  C  ia 
approximately  =  (H  r^  tan  a) -^  2  ir  (1  x  A  tan  a),  where  A  =  n,  '•i-f-«i  %• 


C.  BOCCALX— COMPARISON  OF  VACUA  OF  GLOW  LAMPS. 

(^EUktrotechnische  Zeitschrift,  Vol  18,  No.  19,  /».  249.) 

With  constant  supply  of  heat  the  temperature  to  which  the  filament  of  a  lamp 
will  rise  depends,  cceteris  paribus,  on  the  vacuum.  The  author  naes  a  bridge 
method,  with  the  lamp  under  test  as  one  arm.  The  resistance  of  the  lamp  is 
first  taken  in  an  oil  bath  at  50°,  then  at  20"" ;  care  being  taken  in  both  these  tests 
to  use  as  small  a  battery  current  as  possible— in  the  author's  case  0-8  milliamperc. 
The  current  used  in  the  bridge  is  then  raised  by  an  adjustable  retistance  in  the 
battery  circuit  till,  keeping  the  oil  bath  constant  at  20°,  the  filament  is  shown,  by 
its  resistance,  to  be  60*".  The  current  being  measured,  the  watts  required  to  keep 
the  fihiment  at  60°  under  these  circumstances  are  known,  and  applying  the  same 
tests  to  other  lamps  of  the  same  make,  size,  &€.,  a  comparative  idea  of  their 
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respective  Tacna  is  got.  Tests  on  seven  similar  lampe,  65  volts,  16  C.P.,  show  the 
milliwatts  required  vary  from  7*8  to  as  high  as  14*8.  The  lower  the  watts,  the 
better  presumably  the  vacuum. 


K.  OBOBOB— THE  COMPARATIVE  OUTPUT  OF  THE  DIRECT, 
ALTERNATING,  AND  DREHSTROM  ARMATURE. 

(Paper  read  before  the  Elektrotcchnische  Verein,  Berlin.) 

{Elektrotechnische  Zeittchrifty  Vol,  13,  No,  18,  p,  236.) 

Dubois  Reymond  showed  in  1891  that,  in  a  ring  excited  by  several  multiphase 
coils,  the  intensity  of  magnetisation  increased  with  the  number  of  coils ;  the  total 
winding  being  eyenly  distributed  over  the  ring,  and  the  number  of  turns  and  mean 
current-strength  being  kept  constant.  The  author  takes  the  reciprocal  case,  and 
shows  that,  given  a  rotary  field  in  an  iron  ring,  the  E.M.F.  set  up  in  coils 
surrounding  it,  and  therefore  the  work,  increases  with  the  number  of  coils.  Taking 
the  work,  when  the  number  of  coils  is  infinity,  as  100  per  cent.,  that  with  two 
coils  is  63*6  per  cent,  with  four  coils  90  per  cent,  and  12  coils  98*8  per  cent  The 
same  armature  with  the  same  winding  and  direct  current  would  be  90  per  cent. 
An  ordinary  Siemens  &  Halske  *'  H ''  machine  was  experimented  with ;  the  pole- 
pieces  bored  somewhat  oval,  so  as  to  get  a  strong  field  in  the  middle,  weakening 
towards  the  side.  The  winding  on  the  armature  was  arranged  so  that  it  could  bo 
coupled  up  to  collector  rings  to  give  either  direct  cnrrent,  or  as  a  three-  or  six- 
coiL  Drehstrom.  The  ratio  of  the  E.M.F.*s  obtained  with  the  three  arrangements 
were  within  2  per  cent,  of  calculation. 

Herr  von  Dobrowolski,  in  the  discussion,  rather  objected  to  comparisons 
between  the  output  of  the  Same  machine  for  direct  and  other  currents ;  as  a  rule, 
a  machine  was  built  and  was  suitable  for  one  purpose  only.  He  might  mention, 
however,  a  multipolar  direct  machine  of  the  '^  Allgemeine  ^  Company  which  gave 
11,000  watts;  the  same  field  magnet  with  a  Drehstrom  armature  gave  an  output 
of  30,000  watts. 

OSBOSA  ud  rZNSZ-THE  BiAGNETISATION  OF  IRON  IN  AN 
ALTERNATING  FIELD. 

(Rend.  Lincetj  7  (8),;i.  263,  1891 ;  Beiblatter,  Vol  16,  No,  4,p,  229.) 
The  authors  have  previously  shown  that  there  is  no  turning  point  in  the 
magnetisation  curve. of  iron  traversed  by  an  alternating  carrent,  and  at  the  same 
time  placed  in  a  magnetising  spiral  conveying  alternate  current  The  maximum 
of  magnetisation  is  also  less.  The  present  tests  were  made  with  a  Bellati  dyna- 
mometer, at  one  end  of  the  needle  of  which  was  fixed  a  magnetising  spiral 
(1,000  f\J  per  min.)  containing  a  bundle  of  hard-drawn  iron  wires  ;  a  bundle  of 
the  same  wires  annealed  was  also  tested.  At  the  other  end  of  the  needle  of  the 
dynamometer  was  a  compensating  spiral  similar  to  the  first,  but  without  core ,-  this 
was'movable  by  a  micrometer  screw.  The  results  showed  no  hysteresis  for  either 
hard  or  soft  wires ;  the  temporair  moment  of  the  annealed  was  the  greater ;  and 
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both  approached  the  maximum  of  magnetisation  much  sooner,  though  the  actual 
moments  were  less  than  with  direct  current 


S.  COHH— ON  THE  GORDON- WIN  KELMANN  METHOD  OF 
MEASURING  S.I.C. 

(^Wtedematm^s  Annalen,  Vol.  46,  No,  5,  p,  135.) 

In  1889  Wiedemann  published  a  very  simple  method,  and  the  results  he 
obtained  by  it  were  in  close  agreement  with  those  by  other  methodSL  Recentlj. 
however,  Tscheglajew  has  published  results  obtained  bj  the  method  which  are 
in  direct  oppoeition  to  all  previous  ones:  e.<f,y  for  water  he  gives,  instead  of 
about  80,  the  figure  1*75,  which  is  exactly  the  square  of  the  index  of  refeaetion  ; 
and  similarly  with  other  liquids.  These  figures  the  author  unhesitatinglj  con- 
demns as  untrue ;  and,  in  searching  for  the  probable  oame  of  error,  he  found  that 
there  was  one  great  fault  in  the  method.  It  is  pnctieally  the  Gordon  method 
with  two  condenser  plates  lemoved,  and  a  telephone  replacing  the  electromefeery 
and  the  author  finds  that  the  results  may  be  materially  affected  by  the  movements 
of  the  observer  himself  or  other  masses  in  the  neigfabouzhood.  The  fault  is  due  to 
the  removal  of  the  two  outer  plates  in  the  Gordon  meHiod ;  if  these  are  rsplaeed, 
they  act  as  screens,  and  prevent  any  disturbance. 


ELECTRICAL  TRANSMISSION  OF  POWER  TO  GENOA. 

{Elektrotechnische  Zeittchri/t,    Vol.  13,  No.  17,  p.  216.) 

The  principal  water  supply  of  Genoa  is  now  obtained  from  a  tributary  of  the 
Po  on  the  frontier  between  Piedmont  and  Liguiia.  The  stream  has  been  dammed 
at  a  cost  of  £140,000,  and  a  constant  supply  of  5,000  to  6,000  gallons  per  minnte 
obtained.  The  reservoir  is  about  2,000  feet  above  sea  level.  1,600  H.P.,  or  about 
one-half  the  total  power,  is  taken  up  for  transmission  by  three  stations  on  the 
mountain  side.  The  first  (450  H.P.)  has  been  running  since  1890.  A  second  ha» 
been  running  night  and  day  since  November  8,  1891.  In  this  there  are  six 
Thury  machines  70  H.P.  each,  coupled  in  pairs  to  140-H.P.  Faesch-Picard  turbinea.. 
There  is  a  fourth  similar  unit,  to  take  the  place  of  any  other  while  cleaning,  &c. 
The  machines  work  at  1,000  volts  47  amperes  each,  at  450  revs.,  and  run  all 
in  series.  It  is  intended  later  on  to  add  another  pair  and  be  able  to  run  up  to 
8,000  volts.  The  machines  are  all  insulated  on  porcelain.  To  cut  one  out,  the 
water  is  nearly  turned  off,  and  just  before  the  djmamo  stops  running  it  is  short> 
circuited;  to  cut  it  in  again,  the  water  is  turned  on  till  it  gives  the  nonnal 
47  amperes  on  short-circuit,  the  short-circuit  opened  again,  and  the  water  turned 
full  on.  An  automatic  regulator  worked  by  the  main  current  acts  on  the  water 
supply  of  the  exciters.  Another  regulator  on  each  pair  breaks  their  exciting 
current  when  their  volts  exceed  2,400,  and  short-circuits  them.  It  is  oonsidared 
desirable  to  separately  excite  the  exciters  themselves,  which  is  done  from  a  small 
machine  used  also  to  light  the  works  and  driven  by  its  own  turbine.  The  line, 
about  16  miles  long,  is  mostly  of  0*84  in.  bare  copper  on  oil  insulators.    The  motors 
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at  the  Genoa  end  varj  from  15  to  GO  H.P.,  and  are  all  in  series.    They  are  used 
both  for  power  in  mills  and  in  a  central  lighting  station. 


»r.  ▼.  WZETUSBACH-THE  ACTION  OF  STRONG  ON  WEAK 
CURRENT  CIRCUITS. 

{Ehktrotechniache  Zeitickrift^  VoU  13,  iV^o.  22,  p.  285.) 

The  author  conBiders  that  it  should  be  made  compnlsorj  that  strong  current 
circuits  should  be  so  run  as  to  hare  the  minimum  disturbing  influence  on 
neighbouring  telephone  and  similar  wires;  lUtfaough,  on  the  other  hand,  it  is 
almost  as  necessary  that  telephone  wires  should  be  run  double  and,  when 
overhead,  on  the  twist.  A  simple  direct-current  circuit  can  easily  be  made 
innocuous  to  a  double  telephone  circuit  by  running  the  wires  fairly  close  together ; 
a  three-wire  system  is  a  little  more  difficult,  but  the  only  really  troublesome 
direct  circuit  is  a  tramway  with  rail  return :  thif  even  is  not  so  very  bad  if  the 
rails  are  all  joined  with  copper  straps,  or,  preferably,  all  joined  to  a  common 
return  lead.  The  Sissach-Gelterkinden  line  (2}  miles),  on  which  this  precaution  is 
taken,  is  found  to  have  no  effect  on  the  telephones  in  the  neighbourhood. 
Alternating  circuits  cause  more  trouble,  but  can  generally  be  made  fairly 
harmless.  A  simple  double  line  will  not  afFect  a  neighbouring  telephone  circuit 
unless  the  two  circuits  run  alongside  one  another  for  several  miles ;  if,  however, 
a  transformer  is  introduced  in  the  middle,  it  increases  the  disturbance  enormously. 
The  mdst  troublesome  of  all  is  a  Drehstrom  circuit  When  the  motor  is  running 
liffht<,  in  unison  with  the  dynamo,  there  is  practically  no  disturbance.  As  the 
load  is  slowly  put  on  beats  are  heard  in  the  telephone,  which  get  more  and  more 
frequent  as  the  load  increases,  till  they  make  conversation  impossible.  Some  experi  - 
ments  were  made  on  the  Eessel-Zurich  power  line,  5,000  volts,  working  at  4  amperes. 
This  was  found  to  disturb  a  double-wire  telephone  trunk  line  which  crossed  it  to  a 
very  great  extent ;  and  probably,  when  the  current  is  raised  to  40  amperes,  as  is 
intended,  the  only  way  will  be  to  run  the  telephone  w^ires  underground  ia  an  iron 
tube  for  some  distance  each  side  of  the  cross.  Calling  ^  6 "  the  ver}'  greatest 
disturbance  under  which  conversation  could  be  kept  up,  the  author  gives  the 
following  comparative  effects: — One,  two,  and  three  crossings  with  a  single 
telephone  circuit,  3,  4^,  and  5J  respectively ;  with  a  two- wire  telephone  circuit,  1, 
3,  and  4}.  Running  parallel  to  the  Drehstrom  circuit  for  120,  880,  and  1,000 
metres  gave  disturbances  of  1,  2|,  and  5|  respectively.  The  distance  between  the* 
circuits  being  25  metres.  These  are  with  the  4-ampere  current  as  mentioned  ;  but 
the  circuit  is  a  particularly  bad  one,  as,  owing  to  the  way  that  the  power  is  taken 
off  dose  to  the  crossing  point,  the  currents  in  the  three  wires  are  very  unequal. 


DMJVCDOBXOWOIiSKY— THE  EFFICIENCY  OF  TRANSFORMERS. 

(^EieklrotechniscJie  Zeitsc/irifl,  Vol  13,  No,  17,  p,  222.) 

After  treating  the  subject  generally,  somewhat  on  the  lines  of  Mr.  Swinburne, 
the  author  gives  figures  and  diagrams  of  the  AUgemeine  Elektricituts  Gesellschaft 
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3,500  watts,  40  f\J  transformer,  1,000  volts  to  100  rolts ;  cross  section  of  iron, 
42  cm.* ;  primary,  8,600  turns  of  2'3  mm.  diameter  (13  S. W.6.),  R  »  9  w ; 
secondary,  360  turns,  5  by  8  mm.  (—  say  0*6  square  inch),  R  »  0-064  m. 
Iron,  50  kilos. ;  copper,  130  kilos. ;  copper  loss  at  full  load,  5*3  per  cent., 
exciting  on  open  circuit  50  watts.  The  curve  of  total  watt  losses  with  increase  of 
load  is  given,  as  compared  with  that  of  a  traiaformer  built  on  the  old  lines  of 
2  per  cent,  copper  loss  and  4  per  cent,  magnetising  current.  The  all-day 
efficiencies  of  the  two  in  winter  are  given  as  91  per  cent  and  84  per  cent,  for 
the  new  and  old  types  respectively,  and  in  summer  as  83*8  per  cent,  and  65*8 
per  cent.  Similar  particulars  are  also  given  of  a  20-kilowatt  transformer,  and 
reference  made  to  a  Drehstrom  transformer  built  on  the  same  lines.  In  the 
discussion,  Herr  G5rges  said  that  the  cost  of  the  power  must  be  taken  into 
account:  if  this  is  high,  the  magnetism  must  be  kept  low;  if  water  power  of 
nominal  value  is  employed,  then  the  magnetisation  should  be  run  up  as  high  as 
the  heating  of  the  transformers  will  allow.  Herr  Imhof  mentioned  that  HesKS. 
Ganz  had  built  high-copper-loss  transformers  for  some  yean. 


P.  BOSS— CENTRAL  STATIONS. 

(Paper  before  the  El.  Tech,  Verein,  Berlin.) 

{Ehktrotechnische  Zeitschrift,  Vol  13,  No.  19,  p.  254.) 

The  author  deals  with  the  cost  only,  which  he  divides  into  **  Plant,**  inclnding 
engines  and  dynamos,  batteries  if  used,  and  all  other  station  plant,  bat  not 
Including  land;  ''Network,"  including  muns,  junction  boxes,  and  transfarmers 
if  used ;  and,  thirdly,  «*  Running  Cost.**    He  gives  the  following  figures :— « 


Coot  nsR  Lamp. 

Plant. 

Network. 

Dusseldorf 

13,000 

£     B.    d. 
3    2    0 

£      8.     d. 

3    3    6 

Cologne    

20,000 

2  17    0 

1  11     0 

Berlin       

100,000 

2    0    0 

(?)3    0    0 

The  first  column  is  the  maximum  output  of  the  station. 

The  cost  of  network  per  lamp  in  the  first  two  towns  is  taken  from  capacity 
of  the  mains,  not  from  that  of  the  central  station. 

The  running  cost  is  estimated  at  l*5d.  per  50-watt  lamp-hour,  including 
management  charges  0*5d.,  and  upkeep  0-31d.  The  costs  of  alternating-  and  direct- 
current  working  the  author  considers  much  alike.  As  to  density  of  supply,  it  ii 
probably  optimistic  to  reckon  on  one  lamp  for  every  4  yards  of  street  front,  taking 
the  average  of  a  whole  town.  In  the  densely  populated  parts  the  demand  is,  of 
course,  much  greater.  The  total  yearly  output  may  be  taken  as  1,000  honn  at 
maximum  output.    The  cost  of  electric  power  he  takes  at  4d.  per  H.P.H.    In  the 
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discnsBion,  Herr  Diblnuta  objected  to  this  last  figure,— he  would,  pnt  it  at  half. 
The  povrer  would  not  be  on  simnltaneonslj  with  the  light,  and  would  therefore 
be  supplied  without  increase  of  plant. 


^Si 


DOUVO-DOBSOWOSKI— OVERCOMING  INDUCTION  OF 
TELEPHONE  WIRES. 

(Paper  before  the  EL  Tech.  Verein,  Berlin.) 

{EUktrotechnische  Zeitachrift,  Vol  13,  No,  16,;}.  211.) 

Two  methods  of  orercoming  the  effect  of  a  neighbouring  strong  current  circuit 
on  a  simple  telephone  wire  were  mentioned.  The  first  was  by  introducing  a 
transformer  info  the  telephone  wire  somewhere  about  the  middle  of  the  part 
disturbed.  The  second  was  to  have  a  coil  in  circuit  somewhere  in  the  telephone 
line,  and  at  the  same  point  a  coil  in  the  disturbing  line ;  the  winding  of  the  two 
coils  being  such  that  the  mutual  action  between  the  coils  was  opposite  in  direction 
to  that  between  the  rest  of  the  circuits.  The  two  coils  could  then  be  adjusted  at 
each  a  distance  from  each  other  that  the  effect  between  them  just  neutralised  the 
effect  between  the  wires.  A  working  model  was  shown.  In  the  discussion,  many 
Post  Office  telephone  ofiicials  took  part.  The  first  plan  was  shown  to  have  been 
tried  between  Berlin  and  Potsdam  in  1884,  but  without  much  benefit ;  and  with 
regard  to  the  second  there  was  a  general  consensus  of  opinion  that  it  would  not 
be  practical. 

W.  CKBISTIAHl— THE  THEORY  OF  INDUCTIONLESS  OVER- 
HEAD WIRING  WITHOUT  TWIST. 

{SUktroiecknische  Zeitschrift,  Vol  18,  No,  22,  p.  283.) 

Each  line  consists  of  two  wires  near  together.  The  top  line  is  on  the  right 
hand  of  the  post,  and  one  of  its  wires  higher  than  the  other,  so  that  the  plane 
passing  through  the  two  is  at  45°  to  the  post.  The  next  line  is  on  the  left  of  the 
post,  and  lower  down ;  its  two  wires  are  in  the  plane  at  right  angles  to  that  of 
the  first  pair,  and  passing  between  them — i.e.,  draw  a  perpendicular  from  the  middle 
of  a  line  joining  the  first  two  wires  and  it  will  cut  both  the  wires  of  the  second 
line.  The  third  line  is  similarly  run  with  respect  to  the  second,  and  so  on 
alternately  on  either  side  of  the  post.  The  whole  is  treated  mathematically  at 
considerable  length  on  the  supposition  of  perfect  wiring. 


C.  P.  STBIHMBTZ— REMARKS  ON  THE  MAGNETIC  CIRCUIT. 

(ElektrotechniKhe  ZeUschri/ty  Vol  18,  No.  16,  p.  203.) 

FrohIich*s  hyperbolic  formula  connecting  B  and  H  is  now  obsolete.  Eapp's 
tangent  formula  implies  a  final  state  of  absolute  saturation :  of  this  there  is  no 
trace  in  the  curves  of  Prof.  Ewing,  who  has  worked  up  to  as  high  as  45,000  lines 
per  cm.';  nor  does  it  express  the  fact  that  the  reluctance  with  very  small  values  of 
H  is  very  high^  diminishing  as  H  increases,  and  then  increasing  again.     Dr. 
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CoiBet>iQ«*  gifetf  a  teble  ei  obteired  yalnes  of  B,  the  total  induction  in  apieeBfll 
iiOB  with  rarioni  ralnea  of  H,  the  magnetising  force ;  dedacting  H  from  B,  he 
ohtainH  E,  which  he  calls  the  "  iron  induction."  £  increases  with  H  for  a  time, 
hnt  then  becomes  constant;  a  change  of  H  from  491  to  4,910  onlj  increaaiDg 
E  from  19,626  to  19,644.  The  circuit,  in  fact,  behaves  as  if  it  were  made  op  of 
two  parts  joined  in  parallel ;  the  one  of  which  is  of  constant  permeability  for  all 
Talnes  of  H,  while  the  other  becomes  absolutely  saturated  at  comparatirely  low 
▼alues  of  H.    For  all  yalnes   of  H  greater  than  7,  the  curve  of  variatian  of 

reluctance  f -^^  i  with  II  it  a  straight  line.    The  whole  curve  is  expressed  by  tbe 

■a 

formula,  g«ae-*H  +  or> '  +  00508  H.    6  «  0-82 ;  a  is  given  by  Herr  Steinneti 

•8  6*85,  but  by  Dr.  Corsepius  himself  as  8  75  (in  a  subsequent  commmnatcitioi} 
E.T.Z.,  No.  19,  p.  243) ;  a  e  -  ^  ^  becomes  negligible  when  H  is  greater  than  7. 


*  Dr.  Max  Oanepius,  "Theoretiaohe  nod  Pnotiaoihe   Untenuobimgaii 
'MagnetisoherMMohineD.''    Berlin,  1801. 
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The  Two  Hundred  and  Forty-first  Ordinary  General  Meeting  of 
the  Institution  was  held  at  the  Institution  of  Civil  Engineers, 
25f  Great  George  Street,  Westminster,  on  Thursday  evening, 
November  10th,  1892— Professor  W.  E.  Ayrton,  F.R.S., 
President,  in  the  Chair. 

The  minutes  of  the  Ordinary  General  Meeting  held  on  May 
26th,  1892,  were  read  and  approved. 

The  President  :  I  am  sorry  to  say  I  have  again  to  open  the 
meeting  by  announcing  a  death — in  this  case  of  our  old  friend 
Mr.  Graves,  who  was,  as  you  know,  our  Honorary  Treasurer  for 
many  years,  and  also  a  few  years  ago  was  President.  I  will  call 
upon  General  Webber,  who  has  known  Mr.  Graves  much  longer 
than  I  have,  to  propose  a  motion,  and  afterwards  upon  Mr. 
Spagnoletti,  also  an  old  friend,  to  second  the  motion. 

Major-General  Webber  :  Sir  and  gentlemen, — ^It  is  my  painful 
duty  to  move — "That  this  meeting  desires  to  record  its  deep  sense 
"  of  the  loss  sustained  by  the  Institution  in  the  death  of  Edward 
**  Graves,  Esq.,  Past-President  and  Hon.  Treasurer ;  and  further 
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^*  desires  to  express  its  deep  sympathy  with  Mrs.  Graves  and  other 
**  members  of  the  family  in  their  bereavement.** 

Sir, — ^As  a  brother  oflBi33r  of  Mr.  Graves  la  the  Postal  Telegraph 
Dwpartm3Qt  for  upwards  of  nine  years,  and  in  the  absence  of  any 
other  representative  of  that  department  who  also  has  had  the 
honour  of  filling  the  same  chair  as  you,  Sir,  now  do,  as  President 
of  this  Institution,  I  have  been  called  upon  to  say  a  few  words  in 
memory  of  one  whom  we  all  esteemed,  and  who  amongst  his  own 
friends  was  regarded  in  a  way  in  which  only  our  present  sorrow 
can  sufficiently  express.      Mr.   Spagnoletti   probably  knew  him 
better  than  I  did — that  is  to  say,  previous  to  the  year  1870,  when 
the  transfer  of  the  telegraphs  was  made  to  the  State ;  but  during 
the  nine  years  when  I  served  as  Mr.  Graves's  brother  oflBcer  as  a 
divisional  engineer,  and   at   the   end   under   him  when   he  was 
chief  engineer,  I  can  remember  the  frequent  times  upon  which 
we  had  to  work  together,  occasionally  night  and  day,  and  I  can 
truly  say  I  never  met  anyone  whom,  for  his  modest  simplicity, 
whom,  for  his  genuine  kindness  and  loyalty  as  a  Mend,  1  have 
more  reason  to  regret.     If  Mr.  Preece  had  been  here  to-night,  it 
would  have  been  his  sad  duty  to  speak  as  probably  his  oldest 
friend  and  his  oldest  colleague.     In  his  absence,  T  will  only  remark 
that  Mr.  Graves  was,  as  many  know,  Engineer-in-Chief  to  the  Postal 
Telegraph  Department,  having  succeeded  Mr.  CuUey  in  the  year 
1878.     From  the  day  on  which  he  first  filled  that  position  at  the 
Post  Office  I  believe  everyone  who  served  under  hin>  regarded 
him  not  only  as  a  superior,  but  also  as  a  friend.     I  feel  that  there 
has  hardly  been  an  occasion  upon  which  anyone  could  have  been 
called  upon  to  address  this  Institution  on  the  death  of  a  Past- 
President  when  the  regrets  I  now  attempt  to  express  would  be 
more  cordially  joined  in,  especially  by  those  old  servants  of  the 
Post  Office,  whether  telegraph  inspectors,  linesmen,  or  those  in 
other  capacities.    I  feel  sure  there  is  not  one  who  does  not  this  day 
look  back  with  pleasure  to  their  period  of  service  under  Mr. 
Graves.    Mr.  Spagnoletti,  who  knew  him  before  1870,  and  was 
aware  that  he  was  interested  in  telegraphy  as  early  as  in  1851, 
when  he  commenced  his  career  at  York,  will  probably  speak^as  to 
the  earlier  period  of  Mr.  Graves's  career  in  seconding  this  motion; 
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and  I  am  sure  the  result  will  be  that  the  mation  will  meet  with 
unanimous  support.* 

Mr.  C.  E.  SPAGNOLEm:  I  rise  with  a  very  great  deal  of 
sorrow  indeed  to  second  the  proposition  of  Major-General 
Webber.  I  endorse  every  word  he  has  said  in  praise  of  Mr.  Graves. 
The  Post  Office  authorities,  I  am  sure,  will  lose  a  most  valuable 
officer;  his  colleagues,  like  myself,  will  lose  an  esteemed  and  valued 
friend  ;  and  this  Institution  will  lose  a  devoted  member.  I  have 
had  the  pleasure  of  serving  with  him  on  the  Finance  Conmiittee 


*  Major-General  Webber  has  reqnefited  the  insertion  of  the  fallowing  note  to 
the  above : — 

'-My  first  acqaaintance  with  Mr  Edward  Graves  was  in  Maj,  1870,  when  he 
**  was  stationed  at  Birmingham. 

**In  command  of  the  22nd  Company  of  Royal  Engineers,  with  Lieutenants 
'*  Ramsay  and  Jekyll  as  subalterns,  and  Mr.  Ross  and  Mr.  Morrison  as  staff 
"8srg<»ants,  I  had  already  joined  the  seryice  of  the  newly  created  Postal 
"Telegraph  Depcurtment,  and  our  first  work  was  to  renew  the  old  (United 
"  Kingdom  Company's)  road  line  between  Uxbridga  and  Oxford,  which  was  at  the 
''time  in  Mr.  Graves's  charge.  The  line,  in  view  of  the  purchase  by  the 
*'  Government,  had  been  allowed  to  fall  into  a  condition  of  considerable  dilapida- 
*  tion,  and  in  consequence  the  work  had  to  be  carried  out  with  the  greatest  care, 
"  all  the  eight  or  nine  wires  being  in  full  use ;  and,  as  engineer  responsible  for  ita 
''  efficiency,  Mr.  Graves  frequently  visited  me ;  and  then  commenced  a  friendship 
*'  which  Usted  till  his  death. 

*^  It  was  on  the  occasion  of  one  or  the«e  visits  that  the  idea  of  forming  a  Society 
''of  Telegraph  Engineers  was  conceived.  It  was  on  a  broiling  afternoon  of  June, 
"and  the  men  had  knocked  off  work  for  an  hour,  and  Mr.  Graves  and  I  were 
"  sitting  in  the  shade  of  a  tree ;  and  having  given  him  an  account  of  a  meeting  of 
'-  the  Association  of  Gas  Managers  and  Engineers,  which  I  had  been  attending,  I 
**  suggested  to  him  that  a  somewhat  similar  society  was  wanted  to  bring  telegraph 
"  engineers  together. 

^  Having  in  the  meantime  talked  the  idea  over  with  the  late  Sir  Franc's  (then 
"  Major)  Bolton,  in  September  of  the  same  year  I  brought  the  proposal  before 
'*  Mr.  Cnlley  and  a  meeting  of  the  divisional  engineers  of  the  Postal  Telegraphs. 
**  Nothing,  however,  came  of  this,  and,  indeed,  Mr.  Graves  himself  did  not  join  the 
"  Society  before  1878 ;  but  the  work  of  founding  the  Society  was  gradually  carried 
"  on  by  Biajor  Bolton  and  myself,  first  assisted  by  the  late  Mr.  R.  Sabine,  and,  I 
**  think,  Mr.  Whitehouse,  and  later  on  with  the  encouragement  and  cordial  assistance 
'*  of  Mr.  Latimer  Clark  and  th^  late  Sir  William  Siemens,  until  in  the  early  spring  of 
'^  1871,  after  frequent  meeting.^,  the  scheme  aasumed  a  concrete  form,  and  I  under- 
"took  the  duties  of  Honorary  Treasurer,  which  I  carried  on  until  1879,  when 
'*  Mi.  Graves,  ever  ready  to  come  to  the  assistance  of  a  friend,  took  them  over 
"  without  hesitation  (when  I  was  ordered  at  a  moment's  notice  to  Zululand).  The 
*'  efficiency  of  the  conduct  of  this  work  of  Treasurer,  which  Mr.  Graves  carried  on 
"  up  to  his  death,  we  are  all  fully  conscious  of.^ 
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for  many  years,  and  I  can  say  that  no  lack  of  cAre  or  want  of 
attention  was  at  any  time  visible  in  the  exercise  by  him  of  his  duties 
in  looking  after  the  interests  of  this  Institution.  I  have,  as  Major- 
General  Webber  says,  known  him  and  worked  with  him  for  very 
many  years ;  and  no  one  could  do  so  without  feeling  the  highest 
esteem  and  respect  for  him.  He  was  an  exceedingly  good  man, 
and  most  kind-hearted ;  he  took  a  very  high  standard  in  duty  and 
integrity,  and  I  am  sure  he  was  a  pattern  for  many  of  us  to  follow. 
I  quite  agree  with  all  that  Major-General  Webber  has  said,  and 
am  very  pleased  that  the  Institution  will  record  its  deepest 
sympathy  with  Mrs.  Graves,  who  has  lost  a  kind,  considerate,  and 
affectionate  husband. 

The  names  of  new  candidates  for  election  into  the  Institution 
were  announced  and  ordered  to  be  suspended. 

Donations  to  the  Library  were  announced  as  having  been 
received  since  the  last  meeting  from  the  Astronomer  Royal; 
Messrs.  Blackburn  &  Stevens  ;  Messrs.  Crosby,  Lockwood,  &  Co. ; 
Mr.  A.  Harleben;  Mr.  0.  Heaviside;  the  India-Rubber,  Gutta- 
percha, and  Telegraph  Works  Co. ;  the  Minister  of  Telegraphs, 
Rome;  Mr.  H.  Wilde;  Mr.  J.  W.  Wilson,  jun.;  Dr.  Werner  von 
Siemens,  Professor  A.  Stoletow,  and  Professor  K.  Zetzsche, 
Foreign  Members ;  Mr.  John  Aylmer,  Dr.  J.  A.  Fleming,  ^Ir. 
S.  H.  C.  Hutchinson,  Mr.  Gisbert  Kapp,  Mr.  A.  F.  Jlatveieff, 
and  Mr.  A.  Reckenzaun,  Members ;  Mr.  J.  T.  Niblett  and 
Mr.  J.  Poole,  Associates.  The  thanks  of  the  meeting  were 
unanimously  accorded  to  the  several  donors. 

The  Secretary  announced  that,  in  addition  to  the  donations  to 
the  Library,  the  Institution  had  received  from  Lord  Armstrong  a 
set  of  23  photographs  of  dust  figures  obtained  from  his  multiple 
induction  machine;  from  Mr.  Alexander  Siemens,  a  set  of  six 
photographs  of  the  electric  discharge  through  air  and  over  glass 
produced  with  the  high-tension  alternating  current  as  shown  by 
his  firm  at  the  Crystal  Palace  Exhibition ;  from  Mr.  W.  O.  Smith, 
a  large  framed  photographic  portrait  of  the  late  Mr.  WiUoughby 
Smith,  a  former  President  of  the   Institution;   and  from  the 
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publishers,  Messrs.  Barrauds,  a  large  framed  photograph  of  the 
members  of  the  Institution. 

The  Secretary  read  a  letter  from  a  committee  representing  the 
American  Society  of  Civil  Engineers,  the  American  Society  of 
Mechanical  Engineers,  the  American  Institution  of  Mining 
Engineers,  and  the  American  Institute  of  Electrical  Engineers, 
offering  a  hearty  welcome  to  members  of  the  Institution 
who  might  attend  the  Columbian  Exposition  to  be  held  in 
Chicago  next  year,  and  stating  that  the  home  of  the  several 
societies  named  would  be  open  to  such  visitors  as  were  duly 
accredited  through  the  secretaries  of  their  respective  associations. 

The  letter  was  received  with  acclamation. 

The  Phesident  :  Wo  will  now  commence  the  discussion  on 
Mr.  Swinburne's  paper  on  "  The  Problems  of  Commercial 
"  Electrolysis." 

Mr.  C.  F.  Cooper  :  Having  read  Mr.  Swinburne's  paper  with  Mr.  Cooper 
much  interest,  I  think  that  one  ought  to  first  suggest  a  vote  of 
thanks  to  Mr.  Swinburne  for  bringing  up  the  subject,  and  I  think 
it  is  a  paper  that  is  very  likely  to  afford  a  very  interesting 
discussion.  Having  been  for  some  years  connected  with  the 
Hermite  process,  and  as  I  believe  the  Hermite  process  is  one 
of  the  few  electro-chemical  processes  which  has  been  a  success, 
I  thought  it  possibly  might  interest  you  to  have  some  particulars 
from  a  practical  point  of  view.  I  do  not  propose,  there  being 
other  gentlemen  present  more  competent  to  speak  on  the  subject, 
to  go  into  the  chemical  question  at  all.  I  propose,  as  briefly  as 
I  can,  to  give  you  a  short  description  of  the  way  the  Hermite 
process  is  worked,  and  to  state  that  it  is  a  going  concern,  and  a 
great  success  on  the  Continent.  Possibly  it  would  be  interesting 
to  follow  the  development,  I  will  not  say  from  the  beginning,  but 
from  the  Antwerp  Exhibition.  Possibly  many  gentlemen  present 
will  remember  a  little  chalet  in  the  grounds  of  the  Antwerp 
Exhibition  in  which  Mr.  Hermite's  electrolytic  process  of 
bleaching  was  shown  at  work.  Mr.  Hermite  at  that  time  was 
bleaching  linen  yams.  The  apparatus  then  in  use  was  a  source  of 
considerable  trouble — I  think  that  was  about  the  year  1885— and 
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Mr.  Cooper,  it  was  foand,  principally,  I  think,  from  the  experience  gained  at 
the  Exhibition,  that  the  apparatus  was  not  a  practical  working 
apparatus.  After  that,  Mr.  Hermite  and  myself  designed  various 
arrangements — various  electrolysers — making  various  types,  with 
the  view  of  getting  at  the  most  satisfactory.  The  diagram  on  the 
screen,  I  think,  gives  a  fairly  good  representation  of  one  we 
selected,  and  which  is  now  generally  in  use.  That  electrolyser 
consists  of  a  galvanised  cast-in-n  box  and  a  number  of 
electrodes.  The  diagram  shows  one  of  the  platinums,  or  one 
of  the  positive  plates.  We  have  experimented  with  pretty  well 
everything,  I  think,  that  one  can  imagine,  in  the  endeavour 
to  get  an  unattackable  anode,  and  we  fell  back  at  last  on 
platinum,  with  which  Mr.  Hermite  had  started.  Of  course  it 
was  necessary  to  reduce  the  weight  of  platinum  as  much  as 
possible  for  commercial  reasons,  and  we  originally  started  with 
very  thin  foil.  We  found  that  foil  had  many  disadvantages:  it 
had  a  knack  of  expanding  and  short-circuiting,  and  generally 
behaving  like  the  secondary  battery  of  old  days ;  and  we  found 
also  that  it  cracked,  and  we  got  an  unequal  distribution  of 
current.  In  course  of  time  we  arrived  at  making  the  anode 
of  platiniun  gauze.  We  found  that,  practically,  our  results  were 
the  same  with  the  same  weight  of  platinum  as  if  we  had  a  solid 
she6t.  We  mounted  these  gauzes  in  ebonite  frames.  I  think 
that  possibly  No.  4  will  show  fairly  well  what  it  was.  The  blue 
is  intended  to  represent  the  platinum  gauze,  and  the  black  is 
intended  to  represent  ebonite.  The  top  piece,  which  is  bent  down, 
is  lead.  We  cast  the  platinum  into  a  lead  frame,  and  then  fixed 
them  in  the  ebonite,  and  then  ran  in  bitumen  ou  the  top; 
and  this  construction  has  proved  very  satisfactory.  Mr. 
Swinburne  mentioned,  I  think,  in  his  paper,  the  question 
of  attacking  the  anode.  We  have  found  in  practice  that 
there  is  practically  no  attack  on  the  platinum  anode.  We 
have  had  the  process  in  use  for,  I  think  I  am  right  in  saying, 
six  years  at  Messrs.  Montgolfier's  mill  at  La  Haye  Decartes, 
and  I  think  that  out  of  10  electrolysers  we  have  certainly  not 
put  in  one  set  of  anodes  in  the  whole  six  years'  working.  I 
-*^      think  that  fairly  disposes  of  the  question  as  to  whether  plati- 
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num  is  eaten  away.  I  am  not  speaking  of  the  theoretical  Mr.  Coopef, 
point,  but  merely  of  what  we  found  in  practice.  I  was  contem- 
plating writing  a  paper  on  this  subject  in  conjunction  with  Mr. 
Esson ;  in  fact,  T  think  Mr.  Esson  did  write  a  considerable  portion 
of  it;  but  I  regrcrt  to  say  it  has  never  been  delivered.  There  is 
really  such  a  lot  to  say  that  I  don't  know  how  to  say  it.  I  think 
possibly  I  may  be  taking  up  too  much  time  if  I  go  into  it  very 
thoroughly,  but  I  have  had  these  few  diagrams  got  out  to  give  you 
a  rough  idea  of  the  thing.  The  gentleman  who  takes  a  glass 
pot  and  puts  two  electrodes  into  a  solution  of  sodium  chloride 
and  decomposes  that  sodium  chloride,  generally  talks  about  it 
as  if  it  were  a  simple  affair.  So  it  is ;  but  it  is  not  at  all  simple 
when  you  get  into  a  paper  mill,  where  you  have  varying 
conditions  every  five  minutes :  the  pulp  is  of  all  sorts — ^let  us 
say  esparto,  wood  pulp,  soda  sulphate,  possibly  all  at  once ;  you 
can  never  tell  from  one  minute  to  another  what  state  your 
bleaching  solution  is  in.  I  cannot  conceive  that  it  is  possible  to 
observe  the  chemical  conditions  of  that  solution  for  more  than 
half  an  hour  together.  The  Hermite  process  is,  as  probably 
everybody  knows,  based  on  the  decomposition  of  magnesium 
chloride.  The  process  is  essentially  a  continuous  one.  The 
solution  of  magnesium  chloride  in  the  top  tank  runs  down  to  the 
bottom  tank.  We  use  a  thousand  amperes  of  5  volts  for  each 
electrolyser;  we  occasionally  run  them  as  many  as  eight  in  series, 
but  we  prefer  five  in  practice.  The  decomposition  takes  place 
in  the  electrolyser,  and  runs  down  into  the  poacher ;  it  is  washed 
through  the  ordinary  washing  drum  one  sees  in  a  paper  mill :  the 
circulation  goes  on  continuously  in  that  way.  When  the  pulp  is 
bleached,  of  course  there  is  a  certain  amount  of  solution  left  in 
the  pulp  that  is  to  be  treated  and  got  back  again,  because  one 
of  the  principal  points  in  the  Hermite  process  is  that  we  use  the 
same  solution  over  and  over  again.  It  is  run  down  firom  the 
poacher  either  into  a  drainer  or  over  a  press  pate.  A  press  pate 
will  take  out,  let  us  say,  about  40  per  cent,  of  moisture ;  and  it  is 
necessary  to  pass  the  pulp  which  is  to  be  dealt  with  over  a  presd 
pate  in  the  first  instance,  and  then  after  bleaching  to  pass  it  over 
another  press  pate,  so  as  to  keep  the  same  amount  of  8ol|ition  in 
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>ir. Cooler,  circulation.  I  don't  think  I  must  trouble  you  with  any  more, 
as  I  hope  some  day  to  be  able  to  give  Mr.  Webb  a  paper  on  the 
subject.  I  need  hardly  say  that  this  arrangement  of  electrolyser 
was  arrived  at  after  a  very  lar^e  number  of  others  had  been  tried, 
and  we  found  that  the  present  form,  owing  to  the  ease  with  which 
it  could  be  taken  to  pieces  and  cleaned,  and  so  on,  was  practically 
the  best  thing  we  have  got  out.  I  should  be  very  glad  to  hear 
anybody  else's  experience  of  dealing  with  anodes  other  than 
platinum.  Mr.  Hermite  has  never  been  able,  although  he  has 
conducted  an  enormous  number  of  experiments  with  that  object, 
to  get  anything  that  is  satisfactory.  In  dealing  with  carbon,  we 
have  used  various  sorts  years  ago :  we  have  always  found  that  it 
disintegrated  on  the  water  line ;  that,  irrespective  of  the  carbon 
coming  out,  it  is  apt  to  disintegrate,  and  you  get  small  specks 
of  black  in  your  pulp,  which  renders  it  entirely  useless.  We 
have  tried  a  great  many  experiments  with  it,  but  always  came 
to  that  difficulty,  that  instead  of  a  bleaching  solution  we  have 
practically  a  dyeing  solution.  We  have  had  the  same  difficulty 
again  in  dealing  with  the  pipes  and  conduits  which  convey  our 
solution  from  one  part  of  the  mill  to  the  other.  I  used  to  think 
it  rather  hard  lines,  some  years  ago,  that  in  using  the  process 
we  dyed  many  tons  of  our  pulp  a  beautiful  green.  That  was  due 
to  the  copper  in  the  washing  drum.  We  had  to  take  all  the 
copper  away  and  put  on  zinc  gauze.  And  then,  again,  we  used 
occasionally  to  dye  a  very  nice  rich  red,  from  the  fact  of  peroxide 
being  present;  and  the  difficulties  were  considerable,  and  they 
were  accentuated  by  the  fact  that  this  is  a  continupus  process, 
and  in  starting  a  mill  one  has  to  sit  up  day  and  night  until  the 
men  get  used  to  it. 

^''.v.    .,  Mr.  Conrad  K.  Falkenstein:  Mr.  Swinburne  stated  in  the 

reference  which  he  made  to  electric  tanning  that  "if  the  skin  is 
"  merely  left  in  tan  liquor,  it  takes  months  for  the  liquor  to 
"  penetrate  even  into  the  interstices."  From  this  it  would  appear 
that  the  interstices,  or  pores,  between  the  fibres  of  the  hide  were 
very  close  and  narrow  indeed.  But,  in  the  preparatory  process  of 
liming,  the  cement  substance  which  joins  the  fibres  together  is 

.fl^.        dissolved  away  by  means  of  the  lime,  which  also  "  plumps,"  or 
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swells  up,  the  hide  and  separates  the  fibres,  thus  leavincf  it  fairly  Mr. 

o  •/   Falkenstein. 

porous  for  the  diffusion  and  absorption  of  the  tan  liquor.  When 
the  hide  goes  into  the  tan,  the  tannage  at  first  progresses  very 
rapidly,  for  this  reason,  viz. — that  the  pores  are  filled  with  water 
and  organic  salts,  which  diffuse  out  very  quickly,  thul  creating  a 
partial  vacuum  and  tending  to  draw  the  tan  liquor  in.  The  rate 
of  absorption  grows  slower  afterwards,  because  these  bodies  are 
no  longer  present  in  such  large  quantities,  and  tannin,  being  a 
colloid  body,  has  a  very  slow  rate  of  diffusion  by  itself. 

If,  now,  a  current  of  electricity  be  passed  through  the  hides, 
it  impels  the  tan  liquor  in  the  same  direction  as  the  lines  of 
current-flow,  a  greater  quantity  of  tannic  acid  solution  being  thus 
brought  into  contact  with  the  gelatinous  fibres  of  the  hide.  In 
tannic  acid  solution  this  endosmose  effect  is  pretty  considerable, 
being  due,  no  doubt,  to  the  molecular  structure  of  tannic  acid ;  and 
from  the  fact  that  it  has  a  high  resistance,  comparatively  high 
differences  of  potential  can  be  employed  to  produce  this  endos- 
motic  flow  without  necessitating  the  use  of  a  heavy  current,  and 
therefore  a  large  expenditure  of  eiiergy,  in  the  process.  The  fact 
observed  by  Messrs.  Kideal  and  Trotter  last  year — viz.,  that  after 
the  current  has  been  stopped  the  rate  of  absorption  continues  at 
an  increased  value — is  due,  no  doubt,  to  the  fact  that  the  pores 
have  been  cleansed  and  opened  by  the  endosmotic  flow  of  liquor 
through  them. 

The  above  accounts  for  increased  diffusion ;  but  there  is  another 
point  which  may  be  noticed,  and  that  is,  that  electricity  is  of  the 
nature  of  a  vibration,  and  therefore  by  vibrating  the  molecules  of 
the  liquid  it  tends  to  accelerate,  or  help,  the  combination  of  the 
tannic  acid  with  the  gelatinous  fibres. 

Mechanical  agitation,  too,  has  been  commented  upon  in  Mr. 
Swinburne's  paper.  This,  I  think,  has  two  functions — first,  to 
mix  the  liquor  and  render  it  of  uniform  strength ;  and,  second,  to 
bend  the  hide  and  open  the  pores  on  the  outer  side  of  the  bend, 
thereby  also  assisting  diffusion. 

Mr.   W.  Stepney  Rawson:    Without  being  in  the  position  Mr.  EawDn. 
either  of  Mr.  Cooper  or  Mr.  Falkenstein,  of  being  able  to  draw 
attention  to  a  particular  process,  as   I  am  not  now  personally 
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icr.BawMn«  engaged  on  one,  like  those  two  gentlemen,  I  may  perhaps  say  a 
word  with  regard  to  one  or  two  points  in  Mr.  Swinburne's  paper, 
with  some  of  which  there  is  not  much  difficulty  in  agreeing, 
whilst  with  others  perhaps  it  is  not  quite  so  easy  to  agree.  Mr. 
Swinburne  puts  the  cost  of  the  kilowatt-hour  at  about  a  farthing, 
and  he  says  it  will  appear  ridiculous  in  connection  with  central 
stations.  I  think  that,  unless  he  has  some  figures  arising  out  of 
his  visit  to  Bridgeport  to  confirm  the  farthing  per  hour,  it  will 
appear,  not  ridiculous,  but  very  small,  to  those  who  are  engaged 
in  commercial  electrolysis;  but  at  the  same  time  he  does 
stipulate  for  the  use  of  the  best  engines  and  modern  dynamos. 
The  modern  dynamo — ^we  know  pretty  nearly  what  that  is  capable 
of;  but  we  do  not  quite  know  what  the  modern  engine  is  capable 
of.  An  exceedingly  good  authority  told  me  once  that  in  a 
succession  of  tests  he  made  on  various  engines  working  commer- 
cially, the  efficiency  ran  anywhere  between  28  lbs.  and  about 
4  lbs.  of  coal  per  H.P.,  so  that  there  is  a  certain  margin !  I 
know  that  people  are  very  fond  of  putting  down  on  paper  2 J,  and 
in  P^rance  a  kilo  corresponds  so  nearly  with  that,  that  they  always 
call  it  a  kilo,  but  it  is  almost  impossible  to  get  it  in  practice. 
Then  Mr.  Swinburne  very  wisely  makes  his  estimate  at  the 
dynamo  terminals.  I  say  wisely,  because  in  actual  working  one 
of  the  greatest  enemies  is  leakage.  There  is  no  doubt  that, 
theoretically,  it  is  easy  to  get  rid  of  it.  There  are  a  thousand 
ways  in  which  leakage  takes  place  which  will  surprise  even  an  old 
hand.  Many  cases  within  my  experience  have  occurred  where  it 
has  puzzled  even  old  hands  to  find  out  what  is  going  on.  More- 
over, another  great  difficulty  is  the  large  number  of  parasitical 
currents  set  up,  and  you  may  hunt  round  for  weeks  before  you 
find  out  where  they  arise.  Therefore,  although  at  the  dynamo 
terminals  you  may  arrive  at  a  farthing  per  kilowatt-hour, 
I  think  by  the  time  the  current  has,  so  to  speak,  got  back  again, 
you  will  find  it  averages  a  great  deal  more.  With  regard  to 
the  use  of  carbon,  that,  no  doubt,  is  a  source  of  difficulty,  and 
many  people  have  had  troubles  with  it.  I  remember  having  got 
hold  of  a  very  good  sort  of  carbon  that  I  thought  would  do 
well  for  the  purpose,   but   instead  of  that,   I   was  surprised  at 
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the  result.  With  a  very  heavy  current-density  it  behaved  Mr.  lUTiwmi 
tolerably  well — ^that  was,  a  current-density  of  100  amperes 
per  square  foot.  When  I  got  down  to  10  it  disintegrated 
very  much  faster.  The  fact  which  Mr.  Swinburne  has  been 
wise  to  put  before  us  very  clearly  is  that  a  new  process  must 
be  marvellously  good  on  paper  before  it  is  worth  anything  com- 
mercially, and  that  it  is  of  no  use  to  exploit  it  as  a  commercial 
process  unless  you  realise  this  fact  to  start  with.  Regarding  zinc 
and  lead,  Mr.  Swinburne  mentioned  the  difficulty  of  treeing  in  the 
deposition  of  both  these  metals.  The  arrangement  of  burnisher 
which  the  Elmores  use  has  proved  very  successful  in  removing 
this  difficulty.  I  have  seen  a  solution  of  zinc  deposited  from 
a  sulphate  solution  with  a  porous  partition  come  out  very 
definitely  indeed — ^not,  of  course,  as  well  as  copper — and  you  can 
see  the  attempt  to  tree,  but  you  can  also  see  the  success  of  the 
burnisher  in  keeping  it  down ;  and  I  rather  think  that  the 
deposition  of  zinc  from  the  sulphate  solution  with  the  burnisher 
working  will  turn  out  a  fairly  good  process,  because  there  is  a 
very  considerable  commercial  margin  in  that  work.  In  the  same 
way  the  treeing  of  lead  can  be  fairly  easily  kept  down.  I  was 
very  pleased  to  see  the  figures  quoted  with  regard  to  the  method 
of  Mr.  Hayden,  because  his  process  is  a  remarkably  beautiful  one, 
and  there  is  no  doubt  that  it  must  leave  a  very  considerable 
margin,  with  the  extra  simplicity  brought  about  by  the  clever 
arrangement  which  he  has  introduced ;  and  it  gives  Mr.  Swinburne 
the  opportunity  of  giving  us  one  of  his  characteristic  remarks,  com- 
mencing with  the  words,  **  Writers  of  books  on  political  economy,** 
in  which  he  speaks  of  the  prejudice  of  Englishmen  to  touch 
anything  new.  With  regard  to  the  electric  furnace,  I  thought 
that  possibly  it  might  be  interesting  to  mention,  although  it 
does  not  come  under  the  heading  of  electrolysis  exactly,  the 
electric  furnace  of  Maxwell,  in  which  he  produces  his  heat  simply 
by  the  resistance  of  carbon  in  a  closed  vessel  exhausted  to  a 
tolerably  high  vacuum,  through  which  he  passes  a  current  of 
something  which  will  not  act  upon  the  matter  to  be  melted, 
and  he  attains  very  comfortably  the  melting  point  of  platinum, 
and  has  got  some   remarkable   results  with  regard  to  products 
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Mr.  Rawsor.  from  the  fact  that  he  is  working  nearly  in  vacuo,  or,  at  any 
rate,  in  an  attenuated  gas  which  will  not  combine.  I  would 
rather  not  say  anything  with  regard  to  the  Elmore  process, 
about  which  perhaps  I  know  more  than  any  other,  because  I 
believe  a  paper  is  being  prepared  by  those  much  more  capable 
of  dealing  with  the  thing  than  myself;  but  I  hope  that  auyone 
who  is  interested  in  seeing  the  process  in  full  work  will  pay  a 
visit  to  the  French  works  at  Dives,  near  Trouville,  where  the 
work  is  going  on  on  a  large  scale,  and  with  beautiful  results-^ 
results  of  commercial  working,  and  on  such  a  scale  as  to  enable 
the  manufieu^turers  to  say,  "  That  is  an  average  product  cozniDg 
"  from  the  factory,  and  as  such  may  be  taken  as  a  sample." 

Mr.  Cross.  ^^'  C.  F.  Cross  :  I  have  the  pleasure  of  addressing  the  meet- 

ing upon  the  subject  first  brought  before  you  this  evening  by 
Mr.  Cooper,  viz.,  the  "  Hermite  "  electrolytic  bleaching  process.  I 
was  interested  in  this  process  when  it  was  first  brought  to  this 
country  in  1884-85,  and  of  course  viewed  it  with  the  amount 
of  scepticism  which,  having  special  experience*  in  matters  of 
bleaching,  and  knowing  nothing  of  electrolysis,  I  was  entitled  to 
feel ;  and  it  was  not  until  after  discussion  with  Mr.  Hermite  that 
my  d  priori  difficulties  vanished  one  by  one,  and  I  saw  prospects 
of  technical  and  commercial  success.  At  that  time  there  was  a 
good  deal  of  "  fog  "  hanging  round — not  so  much,  perhaps,  about 
Mr.  Hermite,  as  about  the  actual  mechanism  of  the  electrolysis 
and  process.  The  existence  of  fog  generally  leads  to  controversy, 
and  a  somewhat  acute  controversy  took  place  in  1887-88,  and  is 
recorded  in  the  Journal  of  the  Society  of  Chemical  Industry.  In 
the  year  1887  our  original  paper  on  the  subject  was  published, 
confining  itself  chiefly  to  the  practical  results  of  comparative 
experiments  with  this  solution,  and  with  bleaching  powder  used 
under  ordinary  conditions.  There  is  a  diflScultj'  before  an  audience 
such  as  the  present  in  going  into  the  special  chemistry  of  the 
matter,  and  I  will  confine  myself  to  dealing  with  its  practical 
aspects.  At  that  time  Dr.  Hurter,  the  well-known  chemical 
specialist,  gave  us  what  is  commonly  known  as  a  very  severe 
"  dressing,"  and  he,  having  carried  out  a  number  of  experiment^ 

_  and   having  been  been  engaged  for  a  long  time  in  electrolytic 

Digitized  by  LjOOQIC 


18920  DISCUSSION.  6o3 

investigation,  criticised  this  paper  of  ours  very  severely,  and  Mr.  cross. 
arrived  at  a  very  different  final  and  practical  conclusion  from  that 
at  which  we  arrived.  However,  we  were  then  in  the  midst  of  our 
own  laboratory  investigation  of  the  subject,  and  in  1888  we 
published  our  rejoinder  to  Dr.  Hurter.  Those  who  are  at  all 
interested  in  the  evolution  of  the  subject  from  a  state  of  fog  to 
something  approaching  lucidity  will  find  it  interesting  to  read 
that  controversy.  Avoiding  theoretical  questions  as  much  as 
possible,  I  would  point  out  that  the  essential  matter  in  dispute 
was  the  ratio  of  a  certain  mixed  chemical  effect,  namely,  the 
bleaching  of  vegetable  material — not  a  simple  matter — to  the 
watts  expended  in  producing  it.  Now,  so  long  as  electrolysis  had 
been  confined  to  the  actual  separation  of  bodies  in  a  condition  to 
be  weighed,  thefe  could  be  no  doubt,  of  course,  as  to  the  mechanism 
of  the  electrolysis,  and  no  doubt  either  as  to  the  measurement  of 
the  current  in  the  terms  of  the  product  obtained.  But  when  you 
have  to  get  that  product  to  do  work  in  a  transitional  state,  and, 
having  done  work,  to  revert  to  something  like  the  status  in  quOj 
there  came,  of  course,  an  element  of  doubt  and  diflSiculty.  We  had 
to  catch  a  particular  element — ^namely,  oxygen — flying,  and  that 
led  to  some  very  remarkable  results,  which  we  have  been  latterly 
enabled  to  establish,  but  which  at  the  time  naturally  led  to  diffi- 
culty and  dispute.  From  the  point  of  view  of  the  bleaching  action 
of  the  products,  the  practical  question  was  this :  We  had  found 
that  in  bleaching  powder  units  the  work  of  this  product  (and  we 
will  take  a  ton  of  bleaching  powder)  could  be  effected  on  the 
electrolytic  plan  at  a  cost  of  from  £2  10s.  to  £4.  That  is  to 
say,  given  a  certain  amount  of  bleaching  work  to  do,  and 
requiring  a  certain  amount  of  bleaching  powder  to  do  it,  to  the 
weight  of  one  ton,  and  costing,  of  course,  from  £7  to  £8 
at  the  then  rates,  it  could  be  done  at  from  £2  10s.  to  £4  on 
Hennite*s  plan.  Now,  Dr.  Hurter,  adopting  the  method  of 
cumulative  criticism,  and  annihilating  us  in  successive  stages, 
arrived  finally  at  the  figures  £22  to  £42 — multiplication  of  our 
figures  by  a  considerable  whole  number.  If  Dr.  Hurter  had 
differed  from  us  by  any  ordinary  percentage,  say  30  per  cent.,  we 
should  have  thought  it  a  serious  matter;  but,  when  he  multiplied 
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Hr.  Onm.  OUT  figures  by  a  big  namber,  we  knew  there  was  something  totally 
wrong.  His  figures  were  based  (1)  on  current-efficiency  in  units 
of  chlorine  per  ampere,  and  (2)  the  bleaching  efiect  per  unit  of 
available  chlorine,  measured  as  oxidising  efiect  by  the  ordinary 
chemical  reagents.  Dr.  Hurter's  position  with  regard  to  these 
factors  was  this :  He  found  that  the  eloctrolysis  was  conspicuously 
wasteful,  and  the  efficiency— that  is,  the  yield  of  chlorine  per 
ampere — ^was  only  14  per  cent,  of  the  theoretical ;  and  then  that  the 
bleaching  product  was  magnesium  hypochlorite  pure  and  simple, 
and  that  it  could  not  exceed  in  bleaching  effect  the  corresponding 
calcium  compound  or  bleaching  powder  solution.  These  are  the 
points  upon  which  he  differed  from  us.  We  found  always  from  70  to 
90  per  cent,  of  the  current-efficiency,  and  the  compound  produced 
we  clearly  showed  was  not  the  ordinary  hypochlorite.  We  also 
showed  that  there  was  formed  at  the  cathode  an  active  oxidising 
compound,  and  this,  stirred  into  the  solution,  was  dissolved,  and 
no  doubt  contributed  largely  to  the  particular  efficiency  of  the 
solution.  Now  since  the  publication  of  these  papers,  by  which 
the  mechanism  of  the  electrolysis  was  fairly  established, 
we  have  carried  out  experiments  on  the  mexjhanism  of  the 
bleaching  process  itself.  If  you  take  bleaching  powder  as 
simply  oxidising  the  compound  to  be  bleached,  it  reverts  to 
the  form  of  calcium  chloride  (Ca  Clj  0,  =  Ca  CI,  +  O,).  Now 
we  found,  in  bleaching  with  bleaching  powder  (and  the  matter 
required  rather  careful  finding),  that,  instead  of  being  con- 
fined to  oxidation,  it  took  also  the  form  of  an  actual  combination 
of  chlorine  with  the  fibre  constituents.  Now  in  these  experi- 
ments we  carefully  compared  the  hypochlorites  of  calcium, 
sodium,  and  magnesium,  the  latter  prepared  in  the  ordinary  way 
from  the  calcium  compound  by  double  decomposition,  and  the 
products  of  electrolysis  by  Hermite's  method.  We  found  that 
26  per  cent,  of  the  calcium  and  sodium  compounds  was  used  up  in 
the  chlurination  effect ;  in  the  case  of  magnesium  hypochlorite, 
14  per  cent,  of  the  total  used  went  into  this  by-path  or  in  some 
other  direction ;  but  with  the  electrolysed  solution  prepared  by  the 
Hermite  process  there  was  no  chlorination  at  all.     It  is  interest- 

ing  to  note  that  in  bleaching  with  the  electrolysed  solution  there 
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is  complete  reversion  to  chloride,  and  therefore  the  bleaching  Mr.  Crofls. 
process  is  limited  to  oxidation  pore  and  simple.     It  is  easy  to  see, 
therefore,  why  bleaching  under  the  one  set  of  conditions  may 
be    totally    different    from    and   much   more   economical   than 
under  another  set   of  conditions,     I   am   not   going   to  detain 
you  much  more.       I   could  not   possibly   exhaust  this  aspect 
of    the  subject  without   becoming   very   "special;"    and  it   is 
much   more    interesting   to   this    meeting    to   know   that   this 
process,  having  fought  its  way  through  not  a  few  failures  and 
<;ertainly  a  great  many  difficulties,  and  having  worked  under  free 
exposure  to  the  fierce  light  which  beats  on  the  throne  of  things 
scientific  in  France  (in  the  paper  mUls   of  France,  where  the 
scientific  conduct  of  processes  is-  certainly  on  a  par  with  that  in 
the  mills  in  this  country),  has  established  itself,^ and  continued 
to  increase  in  favour  through  five  or  six  years.     During  this  time 
further  orders  have  been   from   time   to  time  placed  with  the 
makers  for  electrolysers — the  only  efficient  way  for  the  users  to 
evince  their  satisfaction  with  the  thing.     The  process  must  there- 
fore be  pronounced  to-day,  not  a  chimera,  as  it  was  judged  to  be 
by  many  high  authorities,  and  altogether  outside  the  range  of 
practical  science,  but  an  undoubted  and  proved  success. 

Professor  J.  Perry  :  Might  I  suggest  that  in  a  discussion  profeasor 

Pprry. 

before  a  Society  of  this  kind  by  practical  men  who  fliust  have  kept 
accounts,  it  ought  to  be  quite  easy  to  give  us  actual  figures  of 
the  cost  as  compared  with  the  cost  of  bleaching  powder,  and  not 
merely  the  speculative  figures  which  were  contradicted  in  the 
papers  five  or  six  years  ago  ?  I  have  no  fedth  in  these  speculative 
figures.  Might  I  also  suggest  that  Mr.  Swinburne  should  give  as 
an  addition  to  his  paper  the  materials  from  which  he  has  pro- 
duced the  extraordinary  estimate  of  one  farthing  per  unit  as  the 
cost  of  electric  power  ? 

Mr.  Desmond  G.  Fitz-Gerald  :  I  think  that  the  thanks  of  the  Mr. 
members,  and  more  especially  of  the  younger  members,  of  this 
Institution  are  due  to  Mr.  Swinburne  for  having  brought  forward 
a  subject  which  has  been  somewhat  neglected,  but  which  is  likely 
to  become  of  great  practical  importance.  I  cannot  speak  with  the 
authority  of  anyone  having  conducted  bleaching  operations  on  a 
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ifr.-  larfi^e  scale.      In  coni  unction  with  others,   I   have  taken   some 

interest  m  experiments  upon  a  semi-practical  scale ;  otherwise  my 
experiments  have  been  confined  to  the  laboratory.  I  think  I  shall 
begin  by  noticing  a  point  in  Mr.  Swinburne's  paper  relating  to 
peroxide  of  lead.  Mr.  Swinburne  says,  "  Unfortunately,  peroxide 
"  of  lead  is  reduced  by  hydrochloric  acid,  and  it  seems  to  be  im- 
"  possible  to  electrolyse  salt  without  producing  some  free  acid  at 
"  the  anode."  This  statement  as  to  the  production  of  free  acid  is 
perfectly  correct  if  you  take,  for  instance,  sodium  chloride  as 
supplied  in  commerce.  Every  sample  I  have  examined  has  con- 
tained a  considerable  proportion  of  sulphate  of  soda.  In  that  case 
sulphuric  acid  would  be  produced  at  the  anode ;  and  this  acid, 
reacting  on  the  sodium  chloride,  would,  of  course,  produce 
hydrochloric  acid.  But  in  practice  it  is,  of  course,  the  easiest 
thing  possible  to  maintain  the  solution  at  the  anode  in  a  neutral 
or  alkaline  condition.  There  need  never  be  any  free  acid  where 
chlorine  is  being  evolved ;  but  supposing  that  hydrochloric  acid 
were  produced,  peroxide  of  lead  in  the  form  of  lithanode  is  perfectly 
indiflFerent  to  the  action  of  hydrochloric  acid,  so  long  as  the  current 
is  continued.  If  you  place  peroxide  of  lead  or  a  plate  of  lithanode 
in  hydrochloric  acid,  you  obtain  chloride  of  lead,  and  chlorine  is 
evolved  ;  but  if  you  make  the  peroxide  the  anode,  chlorine  is 
evolved,  and  no  chloride  of  lead  is  produced.  I  have  in  my  pocket, 
and  will  hand  to  anyone  interested  in  the  matter,  a  plate  which, 
prior  to  coming  here,  I  took  out  of  a  solution  of  hydrochloric  acid, 
in  which  it  had  been  used  for  eight  or  ten  hours  as  anode  in  the 
production  of  chlorine.  The  plate  is  not  affected,  and  that  would 
also  be  the  case  if  it  had  been  used  for  a  much  longer  period. 
Anyone  interested  in  the  matter  can  examine  that.  I  think, 
however,  that  there  is  only  one  person  here  capable  of  speaking 
from  actual  experience  as  to  the  behaviour  of  lithanode  when  used 
as  an  anode  on  a  large  experimental  scale.  This  is  Mr. 
A,  C.  P^alconer,  a  gentleman  who  has  sent  here  some 
old  anodes  of  lithanode  which  have  beon  used  in  a 
solution  of  chloride  of  magnesium,  and  which  have  been  exposed 
for  a  long  time  to  the  action  of  the  hypochlorite  of  this  metal. 
You   will  perceive  that  the  plates  are  covered  with  a  white 
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substance  which  suggests  chloride  of  lead ;  but  that  substance  is  Mr. 
magnesia  and  its  hydrate.     If  that  magnesia  be  scraped  off,  I 
think  you  will  find  that  the  peroxide  underneath  is  perfectly 
intact.     I  will  not  detain  you  very  long,  but  will   give  you  as 
briefly  as  I  can  the  result  of  my  personal  experience,  although  it 
may  be  in  contradiction  of  that  of  others.     I  have  come  to  the 
conclusion,  and  on  grounds  which  seem  perfectly  satisfactory  to 
myself,  that  the  selection  of  magnesium  chloride  as  a  substance 
to  be  electrolysed  has  been  an  extremely  unfortunate  one.     I  can 
(jiiite   confirm,   to   the   extent  of  my  small   experience  in  the 
matter,   what    has    been    stated   as   to   the    exceptionally   high 
bleaching  power  of  magnesic  hypochlorite.      But  a  circumstance 
which   seems   to   me  quite  fatal  to  the   use   of  this   salt  as  a 
bleaching  agent,  is  the  fact  that,  even  at  ordinary  temperatures,, 
magnesium    hypochlorite    has    a    strong    tendency   to    become 
converted  into  chlorate.     I  can  speak  with  a  little  authority  on 
this  point,  because  after  a  certain  experiment  to  which  Professor 
Perry  and  Professor  Meldola  were  called  in,  and  in  which  we^ 
were  all  very  much  surprised  to  find  that  there  did  not  seem  to« 
be  any  relation  between  the  quantity  of  current  expended  and 
the  quantity  of  available   chlorine  produced,  I  devoted  a  con- 
siderable amount  of  time  and  attention  to  the  matter,  in  con- 
junction with  my  assistant,  Mr.  Burman,  a  rising  young  electro- 
chemist.     Hour   by  hour,  and  day  after  day,  we  compared  the 
quantity  of  current   expended   and  the    quantity  of   available 
chlorine  produced.      After  a  certain  percentage   of  hjrpochlorite 
had  been  obtained  there  seemed   in   some  instances  to   be  an 
actual  disappearance  of  chlorine  by  the  passage  of  the  current. 
Ultimately  the   solution  of  the  mystery  was  found  to  be  that 
magnesium  chlorate  was   produced  at  ordinary  temperatures  in 
considerable   abundance.      Magnesium   chlorate   is  also   formed 
when  chlorine  is  brought  into  contact  with  magnesia  in  presence 
of  water.     I  think,  therefore,  that  magnesium  chloride  will  have 
to  be  given  up.     In  conversation  with  certain  persons  who  have 
had  experience  on  a  large  scale  with  this  electrolyte,  I  have  had 
my  impressions  confirmed,  for  I  have  heard  of  failures,  considered 
at  the  time  unaccountable,  which  I  have  no  doubt  may  be  traced 
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¥5m^  raid  ^^  ^^^*  production  of  chlorates.     Outside  of  the  large  operations 
which  have   been   glanced   at   in  the  paper  there  are  a  great 
many  small  operations  in  which  electrolysis  might  probably  be 
advantageously  introduced,  and  I  would  recommend  the  younger 
members  of  the  profession  to  give  attention  to  this.     I  may  quote 
as  instances  the  conversion  of  arsenious  acid  into  arsenic  acid,  and 
that  of  ferro-cyanide  (yellow  prussiate)  of  potash  into  the  ferri- 
cyanide  (red  prussiate)  of  potash ;  also  the  purification  of  sulphuric 
and  hydrochloric  acid  on  a  large  scale  by  the  separation  of  lead 
and  arsenic  from  the  fonner,  and  of  iron  from  the  latter. 
Mr.  Mavor.         Mr.  A.  E.  Mavor  :  I  would  say  a  word  or  two  with  regard  to 
what  Mr.  Swinburne  says  in  the  sentences  in  which  he  deals  with 
the  electro-metallurgy  of  copper.      He  says,  **  Wiiters  of  books 
"  on  political  economy  are  fond  of  saying  that  the  chafferiog  of 
"  the  market  makes  people  manufacture  in  the   cheapest  way," 
and  so  on  ;   and  at  the  end  of  the  paragraph  he  says,  "  The  first 
"  manufacturers  to  take  up  copper  refining  by  electrolysis  on  really 
"  modem  principles  have  a  chance  of  making  fortunes  before  the 
"  market  is  disturbed."    Now  this  would  really  be  a  most  momen- 
tous sentence  were  it  not  for  the  fact  that  some  manufacturent 
have  already  taken  the   matter   up    and  are   making   fortunes. 
Some  of  the  oldest  copper  manufacturers  in  the  country  have 
taken  it  up  precisely  on  the  principles  Mr.  Swinburne  describes. 
I  join  with  Professor  Perry  in  the  fervent  hope  that  we  may  have 
full  particulars  and  costs  of  all  these  processes ;  but  I  am  afraid  it 
is  an  academic  hope,  because  costs  are  very  difficult  to  obtain,  and 
there  are  a  good  many  commercial  reasons  which  prevent  such 
publication.      But   the   copper  makers    have    reall}*  taken  this 
matter  up,  as  I  am  in  a  position  to  know,  with  great  enthusiasm 
and  energy,  and  I  do  not  think  there  is  any  danger  that  this 
particular  branch  of  the  electrical  industry  is  in  the  least  likely 
to  fall  asleep  :  the  financial  motives  for  the  preservation  of  precious 
metals  froni  argentiferous  ores  are  so  strong,  and  it  is  so  much  a 
matter  of  self-interest,  that  it  is  certain  to  be  persevered  with. 
Mr.  Mr.  A.  C.  Falconer  :  I  am  not  in  any  way  connected  with  the 

electrical  or  chemical  worlds,  but  I  have  carried  out,  with  Mr. 
^  ^         Fitz-Gerald,  certain  experiments  extending  close  upon  four  years. 
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The  anodes  that  I  have  brought  up  here  to-night  have  been  in  the  Mr. 
solution  nearly  three  years,  and  I  do  not  think  that  any  member 
who  chooses  to  examine  them  will  find  that  the  material  is  injured. 
I  may  say  this  in  the  presence  of  Professor  Perry,  who  is  here,  and 
who  gave  a  report  with  regard  to  the  process — that  the  lithanode 
that  I  used  when  Professor  Perry  was  present  and  made  his 
experiments  was  that  which  had  been  in  the  solution  for  nearly 
two  years.  I  did  not  replace  a  single  plate,  except  in  case  of 
breakage,  and  that  happened  occasionally  through  my  very  crude 
arrangement  of  having  a  false  bottom  covering  the  lithanode 
anodes.  To  keep  down  this  false  bottom  I  used  bricks,  so  you 
may  see  how  crude  was  the  arrangement.  On  one  or  two 
ocjadons  the  bricks  toppled  down  and  broke  the  lithanode ;  the 
broken  plates  I  replaced,  but  all  the  others  were  in  the  solution 
for  nearly  two  years.  I  am  sorry  to  say  that  to  me  there  is  a 
most  unaccountable  thing  in  Professor  Perry's  report,  for  whereas, 
after  expending  4,000  ampere-hours,  we  got  what  Mr.  Fitz-Grerald 
reckoned  as  the  exact  percentage  of  available  chlorine  that  we 
ought  to  have  obtained,  or  very  nearly  so,  after  expending  a  further 
8,000  ampere-hours,  what  did  Professor  Perry  find? — that  the 
percentage  of  available  chlorine  had  gone  down  more  than  one- 
half.  There  are,  I  think,  only  three  ways  in  which  that  can  be 
accounted  for.  First,  that  chlorates  were  formed  in  the  bath.  At 
the  conclusion  of  the  experiment  Mr.  Fitz-Gerald  tested  for 
chlorates,  and  found  just  the  barest  trace  of  them:  that  would 
Dot  account  for  the  loss  of  available  chlorine.  The  second  cause 
would  be  hydrogen  combining  with  the  chlorine.  The  third 
alternative  would  be  the  oxidation  of  organic  matter  in  the  bath. 
It  puzzles  me  to  know  how  it  was  that  after  8,000  ampere-hours 
had  been  expended  the  percentage  should  be  diminished  by  more 
than  one-half.  Mr.  Fitz-Gerald  has  probably  arrived  at  the  right 
eonclusion  when  he  condemns  in  toto  the  magnesium  chloride. 
But  I  am  wandering  into  a  subject  I  am  not  technically  acquainted 
with,  and  therefore  I  had  better  confine  my  remarks  simply  to 
this — that  my  experience,  extending  over  four  years,  is  that 
lithanode  is  indestructible  in  chlorine  solution ;  and  I  believe  that 
Mr.  Fitz-Gerald's  observation  is  perfectly  correct — ^that  you  can 
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Mr.  even  decompose  hydrochloric  acid  by  lithanode  without  injury  to 

Falconer. 

the  anode. 

Mr.  Swinburne  :  I  would  ask  Mr.  Falconer  whether  there  was 
oxide  of  magnesium  on  the  lithanode. 

Mr.  Falconer  :  We  constructed  the  bath  in  this  way :  Our 
original  intention  was  to  put  the  auoJes  alongside  of  the  bath 
opposite  the  cathodes;  but  Mr.  Fitz-Crerald  thought  it  would 
be  better  to  have  the  anodes  at  the  bottom  of  the  bath,  with 
plenty  of  magnesia  on  them,  and  that  plan  we  carried  out.  I 
worked  with  a  300-gallon  bath.  Unfortunately,  the  construction 
of  the  bath  was  not  of  the  most  satisfactory  description.  I  am 
surprised  to  hear  Mr.  Cooper  defend  so  strongly  the  use  of 
platinum.  My  experience  is  that  platinum  is  attacked  by 
chlorine.  Our  platinum  connections,  if  not  eflFectively  insulated, 
would  give  way ;  and  if  it  is  so  in  making  simple  connections, 
what  must  it  be  where  you  have  a  platinum  anode  ?  It  must  give 
way  sooner  or  later. 

Mr.  Swinburne  :  I  do  not  wish  this  discussion  to  degenerate 
into  a  discursive  conversation,  but  it  is  a  very  important  matter 
that  Mr.  Falconer  is  dealing  with,  and  I  would  like  to  ask  him 
whether  the  lithanode  stood  perfectly  untouched  when  it  was 
vertical,  without  any  magnesia  on  it. 

Mr.  Falconer:  You  have  a  specimen  of  the  vertical  anode 
on  the  table. 

Mr.  Swinburne:  This  platinum  that  was  used,  was  it  in 
contact  with  lithanode,  or  was  it  used  as  an  independent  anode  ? 

Mr.  Falconer:  It  was  not  used  as  an  anode  at  all.  We 
connected  up  the  lithanode  in  the  ordinary  way  with  platinum 
connections.  We  found  if  t*here  was  the  merest  pin-hole  in  the 
insulation  the  platinum  would  disconnect  itself  from  the  anode; 
If  that  was  so  in  the  case  of  connections,  what  must  it  be  in  a 
process  like  Hermit e's,  where  the  platinum  is  immersed  in  a 
chlorine  solution  ? 
Profesgor  Professor  S.  P.  Thompson  :  I  would  rather  direct  the  discussion 

Thouipeon. 

towards  some  points  perhaps  of  more  general  interest  than  the 

detail  of  a  single  process,  however  important  that  process  may  be 

"■^        in  itself.     I  rather  question  whether  details  of  processes  are  much 
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worth  discussing,  unless  one  has  the  commercial  basis,  namely,  Professor 
the  figures.  I  would  like  to  point  out  that,  when  one  comes  to 
put  any  one  of  these  processes  on  to  a  commercial  basis,  one  is 
bound  to  meet  with  difiSculties  that  cannot  be  anticipated  from 
the  laboratory,  and  which  seriously  interfere  with  the  question 
of  possible  profit  in  working.  I  may  illustrate  my  remark  by 
reference  to  the  Hermite  process  in  one  particular  mill.  I  will 
not  mention  the  mill,  where  it  is  not  now  used.  Electric  bleaching 
has  here  been  given  up,  not  because  you  cannot  make  bleach 
liquor  electrically,  nor  because  you  cannot  make  it  economically 
electrically,  but  for  quite  other  reasons,  namely,  this — that  in  the 
mill  in  question,  where  paper  was  to  be  produced  and  the  pulj) 
bleached,  the  arrangements  were  such  that  the  material  to  be 
employed  for  staining  the  paper  was  always  added  to  the  pulp  in 
the  same  vat  as  that  in  which  the  bleach  liquor  was  made ;  that 
is  to  say,  the  pulp  was  bleached  and  dyed  at  the  same  time.  The 
bleach  liquor  was  not  aflfected,  but  the  consequence  was  that  this 
dilute  liquor  coming  into  the  vat  brought  a  large  quantity  of 
water  with  it,  that  took  away  much  dye  with  it  that  was  wasted 
afterwards.  It  was  not  that  the  bleach  liquor  was  defective,  but 
their  way  of  using  bleach  liquor  made  the  process  one  that  did 
not  pay. 

Mr.  Swinburne  has  not  touched  on  one  or  two  processes 
which  I  believe  are  used  commercially.  I  think  he  does  not 
mention  the  process  of  galvanising  iron  by  the  aid  of  a  skin- 
deposit  of  zinc,  deposited  first  of  all  electrically  before  the  sheets 
are  dipped  into  molten  zinc.  Then,  again,  Mr.  Swinburne  does 
not  do  me  the  honour  of  mentioning  the  process  of  depositing 
cobalt — I  suppose  for  the  very  good  reason  that  it  does  not  come 
under  the  head  of  commercial  electrolysis.  I  wish  it  did ;  I 
wished  to  make  it  so.  I  find  from  experience  that  the  one  white 
metal  which  will  stand  a  London  atmosphere,  with  fog  and  the 
products  of  combustion,  is  the  metal  cobalt.  I  have  in  my 
laboratory  articles  coated  with  cobalt  that  retain  their  colour 
marvellously.  Had  they  been  coated  with  nickel  they  would 
have  been  yellow  in  three  months,  or  if  with  silver  they  would 
have  been  black  in  a  fortnight ;   but  the  one  metal  that  can  he 
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deposited  and  will  stand  the  London  climate  is  cobalt.  Why  do 
not  our  nickel-platers  use  it?  The  process  is  just  as  simple  as 
nickel-plating.  Another  point  I  would  like  to  allude  to,  namely, 
the  circumstance  that  many  of  these  electro-chemical  processes 
apparently  depend  upon  something  not  very  well  recognised  by 
chemists.  You  have  an  intermediate  action  of  something  in  the 
bath  which  undoubtedly  makes  the  deposition  possible.  -For 
example,  in  the  deposit  of  nickel  you  have  ammonia  salts,  in  the 
deposit  of  brass  you  employ  ammonia  salts,  and  in  my  cobalt  process 
you  employ  magnesia  salts.  What  have  these  salts  to  do  with 
the  effect  ?  I  believe  the  explanation  is,  you  have  in  this  inter- 
mediate state  metals  in  a  "nascent"  state.  Everyone  knows 
that  nascent  hydrogen  has  more  powerful  properties  than  natural 
hydrogen,  and  I  believe  that  other  things  in  a  nascent  state  have 
greater  properties  also. 

In  text-books  on  such  subjects,  figures  are  given  for  the 
electro-chemical  equivalents  of  metals  in  their  different  states^ 
of  "  ferrous  "  iron,  for  example,  and  for  "  ferric  "  iron.  I  am  not 
at  all  sure  whether  those  distinctions  are  not  absolutely  absurd  ; 
at  any  rate,  they  are  so  in  the  case  of  ferric  salts.  You  are  not 
able  to  get  a  deposit  of  iron  from  ferric  salts.  What  happens  is 
this :  Before  you  can  obtain  a  deposit  from  ferric  salt  it  has  to  be 
reduced  to  the  ferrous  state,  and  you  only  get  a  deposit  from 
ferrous  iron,  and  not  truly  from  ferric  iron.  Another,  point  which 
ought  to  be  borne  in  mind  is  the  necessary  minimum  electro- 
motive force  to  produce  any  action  whatever  of 'a- chemical  nature. 
Probably  it  may  make  the  whole  difference  between  its  being 
commercially  valuable  and  commercially  valueless,  that  you  should 
know  that  minimum  electro-motive  force  in  each  case.  In  some 
cases  quite  small  electro-motive  forces — small  fractions  of  a 
volt — ^are  all  that  is  required  to  carry  the  process  out.  There 
are  certain  reactions  which  chemists  classify  at  present  as  mole- 
cular combination,  or  as  some  lower  kind  of  chemical  combination, 
that  have  as  truly  their  electro-chemical  equivalent  in  volts  as 
have  the  more  strong  chemical  combinations.  Why,  for  example, 
in  the  deposit  of  copper,  do  you  have  the  weakening  of  the 
solution  at  one  end  and  the  strengthening  of  ther-soluUqn  at 
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the  Other,  unless  you  stir  up  the  liquor  mechanically?     -^PP*^~ Jj.hom 
ently  something  is  going  on  hesides  the  mere  transfer  of  copper 
from  anode  to  cathode  ;  apparently  the  salt  is  carried  along  in  the 
solution.     If  you  have  a  reversible  thermal  reaction,  it  will  neces- 
sarily have  a  corresponding  electrical   equivalent.     It  is   quite 
possible  that  there  are  a  large  number  of  these  chemical  reactions. 
If  we  are  ever  to  extract  gold  from  sea- water,  it  must  be  by  means 
of   some  exact  electro-motive    force   less  than  that  necessary  to 
electrolyse  water,   but   great   enough  to  separate  gold  from  its 
chloride.     I   need  not   say  more  upon    this  head,  because   it   is 
obvious  there  must  be  a  number  of  actions  of  this  kind  which 
merely  require  to  be  hunted  up.     Lastly,  I  would   say  a  word 
about   processes,  such    as    that   of   Hermite,    which    are   cyclic 
processep,  wherein   the  material  goes  round   and  round   and   is 
regenerated  after  being  used.     The  diflference   between  a  non- 
cyclic  process  and  a  cyclic  process  makes  all  the  difference  between 
success  and  failure.     I  believe  Dr.  Hurter's  mistakes  have  largely 
arisen,  at  first  undoubtedly,  from  his  not  recognising  the  difference 
between  a  cyclic  process  and  a  non-cyclic  one.     Let  me  illustrate 
that  commercially  by  another  process — the  manufacture  electri- 
cally of  chlorate  of  potash  from  the  chloride  of  potassium.     Take 
a  solution  of  chloride  of  potassium  and  begin  to  electrolyse  it,. 
and  you  get  a  certain  amount  of  chlorate  from  it.     But,  however 
you  go  on    electrolysing  chloride  of  potassium,  you  cannot  get 
more  than  a  certain  percentage — say  20  per   cent. — converted 
into  chlorate;  if,  however,  you  begin  with  a  saturated  solution 
of  chlorate  and  electrolyse  that,  you  get  what  you  do  not  want, 
namely,  chloride.     People  who  do  not  understand  the  difference 
between   cyclic   and    non-cyclic   will    say,   *'What  is,  then,  the 
"  use  of  trying  to  conVert  chloride  of  i)otassium  into  chlorate  of 
"  potash  ?"    The  answer  is,  Convert  your  20  per  cent,  and  let  that 
stuff  go  away  from  the  vat ;  crystallise  out  of  it  the  less  soluble 
chlorate;  let  the  chloride  which  is  not  crystallised  return  back 
into  the  vat,  and  convert  20  per  cent,  of  the  residue.     You  skim 
off  the  cream,  as  it  were,  every  time,  and  bring  the  milk  back 
ready   to  be   regenerated  again   and   made    creamy.     A  cyclic 
process   will    i>ay  where   a  non-cyclic  process  possibly   cannot. 
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I  wish  further  to  remark  that,  as  in  electric  taDning,  in  which 
electrolysis  plays  so  small  a  part  and  electric  osmose  plays  so 
important  a  part,  so,  I  believe,  there  are  other  cases  in  which 
osmose  is  the  important  part.  For  example,  it  is  quite  possible 
to  separate  to  a  certain  extent  animal  and  vegetable  oils  from 
mineral  oils  by  subjecting  them  to  a  species  of  electric  osmosis. 

Mr.  Falconer  :  I  wish  to  make  a  statement  which  I  omitted 
to  make  in  the  earlier  part  of  the  discussion.  I  do  not  think  the 
chief  difficulty  is  as  Mr.  Swinburne  states.  Of  course  I  speak 
from  a  non-professional  standpoint,  and  with  all  deference  to 
Mr.  Swinburne — but  what  I  do  say  is  this — that  I  do  not  think 
there  is  so  much  attention  required  to  the  anode  as  to  the 
cathode.  If  we  can  get  a  cathode  that  will  not  give  off  hydrogen 
in  electrolysis,  we  have  solved  a  great  difficulty. 

The  meeting  then  adjourned. 
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The  Two  Hundred  and  Forty-second  Ordinary  General  Meeting 
of  the  Institution  was  held  at  the  Institution  of  Civil 
Engineers,  25,  Great  George  Street,  Westminster,  on  Thurs- 
day evening,  November  17th,  1892 — Professor  W.  E. 
Aybton,  F.R.S.,  President,  in  the  Chair. 

The   minutes   of  the   Ordinary    General    Meeting   held   on 
November  10th  were  read  and  approved. 

The  names  of  new  candidates  for  election  into  the  Institution 
were  announced  and  ordered  to  be  suspended. 

Mr.  Fairfax  and  Mr.  Heaviside  were  appointed  scrutineers  of 
the  ballot  for  new  members. 

The  President:     We  will  now  resume  the  discussion  on  Mr. 
Swinburne's  paper,  "  The  Problems  of  Commercial  Electrolysis." 

Mr.  G.  L.  Addenbrooke  :     I  really  do  not  know  whether  Ijir.  Adden- 

•^  brookc. 

have  very  much  to  say,  at  least  directly,  on  the  subject,  because 
the  particular  point  in  which  I  am  interested  has  been  so  dis- 
cursively treated.  I  may  say  for  the  last  two  years  I  have  devoted 
a  great  deal  of  my  spare  time  to  the  consideration  of  aluminium, 
and  have  performed  a  large  number  of  experiments  on  the  metal — 
not,  however,  so  much  on  the  reduction  of  the  metal,  as  on  its 
alloys  and  its  utilisation.  Certainly  I  rather  agree  with  what  Mr. 
Swinburne  says  about  the  methods  of  reduction  used  at  present — 
viz.,  that  they  are  due  to  the  heat  of  the  arc,  and  not  to  any 
chemical  action — but  unless  one  happens  to  belong  to  a  company 
which  is  making  aluminium,  it  is  very  difficult  to  get  any  reliable 
information.  At  Xeuhausen,  on  the  Rhine,  they  are  keeping  every- 
thing very  secret ;  and  in  England,  too,  the  work  done  does  not 
come  largely  before  the  public.  Certainly  splendid  results  have 
been  obtained,  and  the  price  of  aluminium  six  months  ago  was 
brought  down  to  Is.  9d.  for  large  quantities  ;  it  has  now  gone  up 
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Mr.  Adden-  again  to  3s.,  and  my  impression  is  that  it  will  go  up  a  good  deal 
further,  because  the  demand  is  greater  than  the  apparent  supply 
for  the  next  year  or  so.  I  understand  that  there  is  a  very  large 
number  of  people  working  at  it,  and  no  doubt  large  works  will 
before  long  be  started ;  still,  the  actual  question  of  reduction  is  in 
a  very  chaotic  state  at  present.  Although  the  electric  process  of 
reduction  has  so  far  superseded  the  old  sodium  process,  yet  there 
are  other  processes  which  may  still  supersede  the  electric,  and  it 
is  really  impossible  at  present  to  predict  what  will  be  the  ultimate 
outcome.  I  think,  however,  we  may  go  so  far  as  to  say  this: 
There  is  no  doubt  that  within  the  next  25  years  aluminium  will 
not  be  very  much  more  expensive  than  copper ;  and  as  it  is  a 
very  good  conductor — that  is  to  say,  for  equal  weight  it  has  double 
the  conductivity  of  copper — it  is  not  improbable  it  may  play  an 
important  part  in  the  electrical  industry,  first  as  a  conductor,  and 
then  asBu  alloy  of  copper.  The  aluminium  bronzes  form  a  very 
good  series  of  metals — I  have  been  working  on  them  for  a  long 
time,  with  good  results — and  I  think  for  tramway  and  other 
purposes  these  bronzes  will  be  useful.  At  present,  however, 
everything  is  in  an  experimental  state,  and  a  great  deal  still 
remains  to  be  done,  concerning  which  the  present  is  not  a  suitable 
time  to  speak. 

iir.Uoyd.  Jlr.  C.  0.  Lloyd  :  Mr.  President  and  gentlemen, — I  have  read 

with  great  pleasure  the  very  interesting  paper  by  Mr.  Swinburne, 
since  it  introduces  a  subject  which  has  been  partiularly  interest- 
ing to  me  during  the  last  twelve  months.  The  title  given  to 
the  paper  being  "Commercial  Electrolysis,"  it  embraces  a  very 
wide  field ;  however,  Mr.  Swinburne  apologises  at  the  end  of  his 
paper  if,  out  of  the  innumerable  applications  of  electrolysis  which 
have  been  patented,  he  has  omitted  to  mention  any  that  are  of 
practical  utility ;  I  think,  therefore,  I  may  venture  to  make  a 
few  remarks  on  recent  advances  in  electro-plating.  Professor 
Thompson  introduced  the  deposition  of  cobalt  at  the  last  meet- 
ing: the  deposition  of  cobalt  is  a  comparatively  easy  matter, 
suitable  solutions,  though'  not  perhaps  the  best,  being  given  in 
many  text-books.  A  matter  which  to  me,  however,  seems  of 
— ^  far  greater  importHUce,  is  the  deposition  of  allo3Cf.     It  may  be 
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said  that  electro-plating  is  a  comparatively  old  industry,  and  ^r.  Lioyd. 
on  that  account  Mr.  Swinburne  would  have  been  going  over  old 
ground  if  he  had  introduced  it  into  his  paper;  nevertheless,  I 
think  that  electro-plating  with  alloys  is  a  distinct  advance.  I 
refer  now  particularly  to  the  deposition  of  silver  allojs.  When 
we  come  to  consider  the  output  of  Sheffield,  say  for  the  year 
1883,  which  amounted  to  upwards  of  300,000  ounces  of  silver, 
and  suppose  that  20  per  cent,  of  that  amount  consisted  of  a 
metal  which  may  be  only  50  per  cent,  cheaper,  the  saving  at 
the  end  of  the  year  amounts  to  some  £5,000,  while  the  outlay 
of  capital  on  solution  and  anodes  is  greatly  diminished.  Suppose 
now  that  an  alloy  can  be  obtained  at,  say,  10  per  cent,  cheaper, 
and  that  that  alloy  possesses  more  valuable  properties  than  the 
original  metal, — ^that  it  is  much  harder,  and  does  not  tarnish  so 
readily,— then  I  consider  that  a  very  great  advance  has  been 
made. 

On  the  table  I  have  placed  a  number  of  samples  of  electro- 
deposited  metals  and  alloys ;  among  these  I  would  call  your 
jmrticular  attention  to  some  alloy  deposits  named  "  hard  standard 
"  silver."  These  specimens  consist  of  silver  alloyed  with  a  small 
amount  of  cadmium  ;  the  three  samples  shown  containing  10,  20, 
and  30  per  cent.  By  this  means  a  considerable  improvement  on 
ordinary  silver  plate  is  obtained ;  while  I  think  most  of  you  will 
find  it  very  difficult  to  distinguish  any  difference  in  colour 
between  them  and  some  samples  of  pure  deposited  silver,  also 
shown. 

Tbe  deposition  of  alloys,  however,  is  by  no  means  a  simple 
matter.  In  depositing  single  metals  t  here  is  really  comparatively 
little  for  the  electrician  to  do  beyond  the  mere  measurement  of 
the  current  and  the  potential  difiFerence  at  the  terminals  of  the 
bath,  but  in  the  deposition  of  alloys  there  are  a  variety  of  secon- 
dary actions  which  require  great  attention  in  order  to  understand 
how  they  vary  the  deposits  produced. 

I  have  also  shown  samples  of  electro-deposited  brass.  Brass 
has  been  deposited  for  some  time  past,  though  not  to  any  great 
extent,  and  I  think  the  samples  laid  before  you  are  extremely 
good  specimens  of  deposited  brass.  o,™ze..yGoogIe 
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Mr.  Lloyd.  There  is  one  other  specimen  I  would  like  particularly  to  call 

your  attention  to,  and  that  is  a  sample  of  palladium  plating. 
The  non-oxidisability  of  the  metal,  and  its  perfect  adhesion  to 
the  underlying  metal — when  these  properties  become  more  widely 
known — point  to  a  great  future  for  palladium  plating ;  and  our 
experience  with  it  shows  it  to  be  superior  to  any  other  metal  for 
coating  mirrors  which  have  to  stand  the  intense  heat  produced 
by  arc  lamps. 

In  conclusion,  I  would  mention  that  I  am  extremely  sorry 
that  the  spaces  in  one  of  the  frames  allotted  to  samples  of 
platinum  and  iridium  are  not  filled  up.  Unfortunately',  I  bad 
not  time  to  prepare  them ;  indeed,  I  have  only  just  had  time 
to  prepare  those  shown.  We  have  successfully  deposited  both 
these  metals,  though  we  have  not  yet  made  very  extensive  use 
of  them. 

Mr.  Bcvan.  ]\Xr.  E.  J.  BtVAN  :  There  are  one  or  two  points  I  should  like 

to  call  attention  to  in  Mr.  Swinburne's  paper ;  but  before  doing 
that,  I  should  like  to  refer  to  the  observations  of  Mr.  Falconer  in 
the  discussion  last  Thursday.  In  that  discussion  he  stated  that 
the  chief  objection  to  the  use  of  magnesium  chloride  was  the  feet 
that  a  large  proportion  of  magnesium  chlorate  was  formed — I 
mean  in  the  Hermite  process.  The  formation  of  chlorates,  and  even 
of  perchlorates,  is  a  very  simple  matter ;  in  fact,  the  formation  of 
potassium  chlorate  is  one  of  the  processes  referred  to  by  ^Ir. 
Swinburne.  It  depends  entirely  on  the  conditions.  If  you  suit 
the  conditions  to  make  magnesium  chlorate,  you  can  make  it  in 
abundance;  and  if  you  take  care  that  these  conditions  do  not 
obtain,  you  get  very  little  chlorate.  The  formation  of  chlorates 
was  one  of  the  chief  objections  of  Dr.  Hurter  to  the  process,  and 
if  in  practice  the  large  amount  was  formed  that  he  declared  to  be 
formed,  of  course  the  process  could  not  possibly  pay.  On  the 
other  hand,  we  have  it  on  the  authority  of  Mr.  Cooper  that  the 
process  is  a  profitable  one.  With  regard  to  the  question  of 
power,  Mr.  Swinburne  takes  it  at  a  farthing  per  kilowatt,  and 
several  speakers  were  of  opinion  that  this  was  an  extra>'agantly 
low  price.  I  am  not  an  engineer  myself,  but  I  csmnot  really  see 
_         how,  if  you  make  a  liberal  allowance  for  coal,  labour,  and  all  the 
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other  charges  incidental  to  that  matter,  you  can  get  the  price  Mr.  Bevan. 
very  much  more.  It  is  interesting  to  note  that  within  the  last 
week  or  so  Dr.  Hopkinson  has  published  a  paper— delivered,  I 
think,  before  the  Junior  Engineering  Society — in  which  he  states 
that  the  cost  of  a  kilowatt  should  not  exceed  0*33  of  a  penny, 
which  is  not  very  far  from  Mr.  Swinburne's  figure.  I  have  no 
actual  authority  to  say  so,  but  I  think  it  has  been  published 
before,  that  Mr.  Preece  is  of  opinion  that  that  is  about  the  price. 
Now,  with  regard  to  the  production  of  oxygen  by  the  electrolytic 
l)rocess,  it  is  hardly  fair  to  compare  the  cost  of  oxygen  by  the 
electrolytic  process  with  the  fancy  selling  price  that  the  Briu 
Oxygen  Company  puts  on  it.  In  fact,  oxygen  can  be  prepared  by 
the  Brin  process  at  certainly  less  than  3s.  per  1,000  feet.  If  that 
be  so,  there  is  not  a  considerable  margin,  as  Mr.  Swinburne  says, 
in  favour  of  the  electrolytic  process.  With  regard  to  the  produc- 
tion of  alkali,  I  have  had  more  practical  experience  of  that  than 
of  these  other  processes.  Mr.  Swinburne  assumes  that  a  current- 
density  of  3  volts  is  all  that  is  necessary.  I  only  wish  it  were  so : 
it  would  reduce  the  cost  of  power  very  considerably.  As  a  matter 
of  fact,  you  can  electrolyse  sodium,  or  any  other  chloride,  with 
about  2^  or  3  volts ;  but  the  yield  per  unit  of  plant  is  a 
very  small  one,  and  it  would  be  necessary  to  have  an  exceed- 
ingly large  plant  to  work  at  that  voltage.  In  practice  I 
have  found  that  from  4  to  4|  volts  is  a  very  economical 
mean.  With  regard  to  the  strength  of  solution,  that  is,  of 
course,  a  very  important  point.  Mr.  Swinburne  says  he  can 
electrolyse  a  salt  solution  until  it  reaches  30  per  cent,  caustic 
soda,  but  he  does  not  tell  us  whether  that  has  been  done 
economically  or  not.  As  the  electrolysis  increases  and  the  salt 
decreases  the  efficiency  of  the  current — that  is,  the  proportion  of 
caustic  formed  to  that  which  should  be  formed — this  efficiency 
rapidly  diminishes.  Of  course  caustic  soda  acts,  as  Mr.  Swinburne 
says,  in  solution  as  a  conductor,  and  he  seems  to  regard  that  as 
an  advantage.  As  a  matter  of  fact,  if  it  is  a  conductor,  it  is  also 
an  electrolyte,  and  decomposes  itself  into  the  wasteful  form  of 
hydrogen  and  oxygen.  With  regard  to  evajwration,  Mr.  Swin- 
burne says  that  the  evaporation  of  the  caustic  liquor  in  a  Yaryan 
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Mr.  Bevan.  evaporator  can  be  effected  at  such  a  price  as  would  not  raise  the 
cost  of  the  caustic  more  than  a  shilling  or  two  per  ton.  I  think 
that  is  underestimated ;  I  do  not  see  how  it  is  possible.  Another 
point,  perhaps,  which  has  not  been  suflSciently  considered:  For 
every  ton  of  caustic  produced  you  have  to  manipulate  and  get 
out  in  solid  form  several  tons  of  salt,  which,  of  course,  is  a  very 
considerable  matter.  This  can  be  got  over  by  precipitating  the 
alkali  as  bicarbonate,  allowing  the  precipitate  to  settle,  filtering 
the  salt  solution,  and  re-electrolysing  that.  With  regard  to  the 
anodes,  I  agree  with  Mr.  Swinburne.  I  have  had  an  opportunity 
of  examining  the  Greenwood  anode,  both  before  and  after  running, 
and  as  far  as  experience  goes  it  is  calculated  to  stand  the  wear 
and  tear  put  on  it.  In  the  Le  Sueur  system  of  electrolysing  salt, 
a  plan  of  which  is  on  the  screen,  the  anodes  are  ordinaiy  gas 
carbon,  and  an  arrangement  is  made  by  which  these  anodes,  as 
they  gradually  wear  away,  can  be  brought  down  close  to  the 
cathode,  which  is  right  underneath  the  diaphragm.  Now,  as  to 
the  commercial  uses  of  the  soda  produced,  Mr.  Swinburne  says 
that  the  presence  of  salts  will  not  interfere  with  the  action  of 
the  alkalies.  I  venture  to  think  he  is  somewhat  in  error.  I 
made  a  number  of  determinations  some  years  ago  with  the  view 
of  showing  that  the  purest  form  of  caustic  soda  was  the  most 
economical  form,  and  I  found  the  presence  of,  say,  10  per  cent, 
of  salt,  which  is  not  apparently  a  very  large  amount,  seriously 
impaired  the  eflSciency.  The  results  I  arrived  at  are  recorded 
in  the  Journal  of  the  Society  of  Chemical  Industry^  and  anyone 
interested  in  the  matter  can  refer  to  it  there.  I  believe  this  loss 
of  efficiency  in  soda  would  be  the  same  in  the  paper  trade,  or  any 
other  trade  in  which  caustic  soda  is  used.  Another  serious  point 
is  the  presence  of  a  large  quantity  of  salt,  seriously  affecting  the 
recovery  of  the  soda.  I  should  not  like  it  to  be  thought  that  in 
venturing  to  bring  these  criticisms  before  the  meeting  I  am  of 
opinion  that  the  electrolytic  production  of  soda  will  not  pay.  I 
believe  it  will  pay  very  handsomely;  I  believe  it  will  be  the 
process  of  the  future;  and  I  think  electricians  and  chemists  owe 
a  debt  of  gratitude  to  Mr.  Swinburne  for  bringing  the  matter 

_  before  us  in  such  a  concise  form. 
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Mr.  A.  P.  Trotter  :  It  was  pretty  well  decided  by  Dr.  Eideal,  Mr.  Trotter. 
who  conducted  the  chemical  part  of  an  investigation  which  we 
made  some  time  ago  on  electrical  tanning,  that  there  was  prac- 
tically no  true  electrolysis  in  that  process.  The  suggestion  of 
Professor  Thompson  that  an  electric  current  facilitates  osmosis, 
ia  some  way  not  yet  properly  understood,  may  have  extremely 
important  eflFects  upon  industries  in  which  electric  treatment  has 
not  yet  been  even  attempted.  I  very  mucli  hoped,  when  engaged 
in  examining  a  process  of  electric  tanning,  that  we  might  find 
some  theory  to  account  for  it.  But  in  the  paper  which  was 
communicated  to  the  Society  of  Chemical  Industry  by  Dr.  Bideal 
and  myself,  nothing  in  the  nature  of  a  theory  was  put  forward. 
We  examined  various  theories,  from  the  time  of  Grotius  up  to 
the  present  date,  on  electrolysis,  with  the  hope  of  finding  one  that 
would  fit  the  results,  and  perhaps  the  most  plausible  one  was 
that  of  Clausius,  who  suggests  that  the  molecules  are  always 
changing  partners,  and  disassociation  is  always  present  to  some 
extent,  and  the  cflfect  of  electro-motive  force  is  to  giv3  direction 
to  the  movements  already  going  on.  There  is,  therefore,  no  real 
expenditure  of  work  necessary ;  it  is  merely  directive,  and  mole- 
cules are  encouraged  to  go  in  one  particular  direction.  That 
will  partly  account  for  the  extraordinarily  small  amount  of  elec- 
trical energy  required  in  electric  tanning — a  mere  nothing  at  all, 
In  the  last  paragraph,  Mr.  Swinburne  alludes  to  dyeing,  or,  rather. 
to  the  electrolytic  production  of  dyes  ;  but  the  process  of  dyeing 
seems  to  me  not  at  all  unlike  that  of  tanning.  You  have  a  fabric 
of  organic  materials,  and  many  of  the  solutions  are  organic,  and 
you  get  the  one  passing  into  the  other,  j)recisely  as  in  tanning, 
and  the  time  required  in  tanning  is  not  long ;  but  I  would  throw 
oat  the  suggestion  that  this  sometimes  difficult  process  might  be 
very  much  facilitated  by  some  such  treatment  as  this. 

Mr.  Swinburne  alludes  in  his  paper  to  the  fact  that  a  process 
ought  to  be  remarkably  good  on  paper  before  you  can  expect 
anything  at  all  of  it  in  practice.  T  would  say  it  should  be  not 
only  remarkably  good  on  paper,  but  also  remarkably  good  in  the 
laboratory,  before  you  try  to  put  in  practice.  I  was  connected 
some  years  ago  with  another  process,  which  was  first  electrolytic, 
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Mr.  Trotter.  »»(!  after  merely  chemical — the  decortication,  or  de-gummiDg,  of 
rhea  fibre.  The  first  process  consisted  of  the  electrolysis  of  a 
rather  disgusting  mixture  of  chemical  substances.  The  rhea 
fibre  subjected  to  this  treatment  in  the  laboratory  in  small  bundles 
was  remarkably  encouraging.  You  take  stuff  like  dried  bean- 
stalks, and  produce  hanks  of  a  fibre  exactly  like  white  floss  silk. 
Afterwards,  putting  it  on  a  large  scale,  as  soon  as  we  tried  a 
hundredweight  or  more  at  a  time,  it  came  out  a  tangled  mass. 
The  machinery  was  clogged,  and  nothing  could  be  done  with  it. 

Awireoii  ^^'  GrABRiEL  Andreoli  :  Sir, — I  wish  to  take  up  a  point  in 

Mr.  Swinburne's  paper  which  has  already  been  discussed  both  last 
week  and  this  evening.  He  says  that  the  only  difficulty  in  the 
electrolytic  production  of  alkali  is  in  the  anodes — that  platinum  is 
too  expensive — that  carbon  is  destroyed  and  that  peroxide  of  lead 
i<  reduced  by  the  free  hydrochloric  acid  which  is  formed  in  the 
electrolytic  solution.  Mr.  Fitz-Grerald  has  told  us  what  peroxide  of 
lead  in  the  form  of  lithanode  will  do.  If  ordinary  peroxide  of 
lead  will  only  behave  as  well,  I  do  not  think  we  need  go  any 
further,  as  it  cannot  get  to  a  higher  degree  of  oxidation  and  resists 
the  action  of  chlorine.  I  believe  M,  Plante  was  the  first  to  use  it 
in  lieu  of  platinum  ns  an  anode  in  electrolysing  solutions.  He 
used  it  in  connection  with  electro-deposition.  All  those  who 
are  interested  in  the  question  know  of  Professors  Bartoli  and 
Papasogli*s  researches  on  the  behaviour  of  carbon  in  a  solution 
which  evolves  oxygen  at  the  anode.  The  carbon  is  soon  destroyed, 
disintegrated,  and  mellitic  acid  and  mellogen  are  formed ;  but  it 
is  not  generally  known  that,  according  to  the  same  scientists,  if 
you  use  denser  solutions  of  salt,  less  oxygen  is  given  off  and  the 
carbon  is  not  nearly  so  much  attacked.  If  you  go  on  in  increasing 
the  density  of  an  hydrochloric  acid  or  chloride  solution,  you  get 
chlorine  only  and  very  little  oxygen,  and  the  carbon  is  hardly 
attacked  at  all.  Beally  there  is  no  more  necessity  of  having 
an  absolutely  indestructible  anode  than  we  should  expect 
machinery  to  go  on  for  ever  without  standing  a  certain  amonnt 
of  wear  and  tear  and  doing  their  work  without  renewing  them. 
The  idea  of   replacing  the   ordinary  bleaching  process   by  an 

_  electrolytic  hypochlorite  presents  bo  many  difficulties  that  it  has 
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been  practically  given  up  in  America  as  well  as  in  this  country.  Mr. 
There  is  such  a  large  bulk  of  liquor  to  deal  with  that  you  lose  a 
large  amount  of  salt  in  the  bleaching  operations,  and  to  avoid 
this  loss  you  have  to  electrolyse  weaker  solutions  which  give  off 
oxygen,  and  with  carbon  anodes  the  carbon  is  destroyed ;  if  your 
solutions  are  weaker,  you  decompose  the  water  and  you  will  have 
a  loss  of  power,  because  you  waste  your  current  up  by  decomposing 
this  water,  and  that  diminishes  your  yield.  Another  cause  of 
diminution  of  the  yield  of  chlorine  per  unit  of  current  is 
that  when  you  have  once  sent  the  solution  through  the  bleaching 
potcher,  that  solution  becomes  charged  with  organic  substances, 
some  of  which  are  dissolved ;  and  unless  you  have  an  extraordinarily 
good  filter,  you  will  also  have  some  of  these  organic  substances 
held  in  suspension  in  the  solution  to  be  electrolysed  over  and  over 
again.  Those  which  are  in  solution  are  acted  upon  by  the  current, 
and  here  again  is  another  loss  of  power.  The  organic  substances 
mechanically  suspended  are  seized  by  the  hydrogen  evolved  at  the 
cathode  and  froth  several  inches  thick  is  formed  on  the  top  of 
your  electrolysers ;  hydrogen  also  diminishes  your  chlorine  yield,. 
because  the  hypochlorite  is  reduced.  It  is  therefore  evident 
that  in  the  electrolysis  of  a  chloride  solution  there  are  many 
difficulties  more  serious,  greater,  and  more  complicated  than  the 
so-called  anode  difficulty.  The  solution  of  this  problem  seems  to 
be  more  in  the  production  of  chlorine  and  of  caustic  alkali.  You 
may  then  electrolyse  concentrated  solutions  by  means  of  carbon 
anodes.  Then  the  hydrogen  does  not  reduce  any  hypochlorite, 
because  you  are  supposed  to  liberate  the  chlorine  in  the  free 
statue.  You  have  a  strong  solution  and  very  little  decomposition 
of  water.  Hydrogen,  however,  is  the  real  enemy,  and  the  only 
difficulty,  as  far  as  I  can  see,  is  that  the  hydrogen  which  is  liberated 
by  the  sodium  dissolving  in  oxidising  is  liable  to  unite  with  the 
chlorine  and  form  hydrochloric  acid,  which  reduces  the  alkali  to 
the  state  of  salt  again;  when  liberated  from  the  solntion  and 
mixed  with  the  chlorine,  it  forms  a  highly  explosive  mixture. 
There  may  be  other  difficulties,  but  I  have  not  come  across  them 
yet,  although  for  several  years  I  have  been  working  on  a  practical 
scale  this  question  of  production  of  hypochlorite  and  chlorine  by 
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Mr.  electrolysisl    Another  question  in  which  I  am  interested  in  Mr. 

'^'^'  Swinburne's  paper  is  the  question  of  ozone.  The  quantity  of 
ozone  produced  by  electrolysis  proper  is  so  very  little  that  it  may 
be  almost  neglected.  It  can  only  be  produced  on  a  larger  scale 
by  silent  discharges.  That  we  can  do  very  easily  with  the 
transformers  that  we  have  now.  There  are  any  amount  of 
applications  of  this  ozone,  as  Bunsen  said,  but  we  cannot  call  thit^ 
really  an  electrolytic  operation.  Hardly  can  we  say  that  it  is 
an  electro-chemical  one.  No  doubt  the  oxygen  molecules  which 
are  transformed  into  ozone  are  condensed  ;  at  least,  there  is  one 
theory  which  says  the  molecules  are  split  up  and  the  separate 
atoms  fix  themselves  on  the  unaltered  molecules.  Ozone  can  be 
applied  in  very  many  instances,  more  particularly  to  bleaching 
molasses  and  sugar,  and  it  is  a  very  powerful  disinfectant ;  it  kills 
bacteria,  and  is  used  in  hospitals,  and  we  can  now  generate  it  in 
almost  unlimited  qu«intities  at  a  very  low  cost.  The  production 
of  ozone  is  no  longer  a  problem ;  the  real  problem  lies  in  its 
numerous  commercial  applications. 

Mr.  Cooper .  Mr.  C.  0.  CooPER :  Mr.  Andreoll  has  brought  up  the  subject  of 
the  difficulties  of  electro-chemical  bleaching,  and  what  he  has  said 
wuuld  lead  one  to  suppose,  had  they  never  heard  of  it  before,  there 
were  difficulties  ;  and  I  agree  that  there  have  been  difficulties  such 
as  he  mentioned,  which  in  the  Hermite  process  have  been  got 
over.  In  nearly  every  instance  Mr.  Andreoli  has  mentioned  we 
have,  I  admit,  found  the  difficulties  he  states  he  has  found,  bat 
we  have  got  over  those  difficulties  some  years  ago.  I  will  not 
detain  you,  for  I  feel  I  am  a  little  out  of  order,  but  I  will  make  a 
statement  which  I  am  prepared  to  prove — that  at  the  present 
moment,  on  the  Continent,  we  are  replacing,  in  the  actual  fact  of 
bleaching  in  mills,  bleaching  paper  pulp,  cotton,  and  yam  equal 
to  replacing  3,000  tons  of  bleaching  powder  per  annum.  Professor 
Perry  suggested  at  the  last  meeting  that  it  would  be  interesting 
to  give  some  figures  of  actual  cost.  I  feel  that  this  is  a  somewhat 
difficult  matter,  because  it  necessitates  so  much  detail ;  but  I  can, 
and  shall  be  pleased  to  show  Mr.  Swinburne,  or  any  gentlenian« 
figures  given  to  me  by  practical  men  working  in  their  own  mills, 

_  which  show  a  saving  over  the  old  methods  of  bleaching  paper  pulp 
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and  cotton  with  bleaching  powder  amounting  to  80  per  dent.,  Mr.  oooperi 
exclusive  of  water  power,  for  some  of  these  gentlemen  writ-e  down 
their  water  power  as  costing  nothing,  but  they  say  they  often 
make  an  80  per  cent,  saving ;  and  in  other  cases  where  they  use 
steam  power,  and  taking  one  horse-power  on  the  pulley  of  dynamo 
equal  to  1  franc  per  horse-power  for  24  hours'  running,  they  make 
a  saving  from  55  to  45  per  cent.  I  will  not  trouble  you  with  any 
more,  but  these  are  the  practical  results. 

Mr.  B.  Blount  :  I  should  like  to  touch  upon-  a  matter  which  Mr.  Biou»t. 
Mr.  Swinburne  has  treated  adequately  enough,  but  has  scarcely 
received  in  the  discussion  the  attention  it  deserves.     I  refer  to 
the  obtainment  of  copper  from  the  ore  or  from  the  matte  direct. 
The  refining  of  copper  is  quite  a  diflferent  thing  from  the  winning 
of  it,  either  from  the  matte — which  may  be  regarded  as  a  sort  of 
half-way  house  between  the  ore  and  the  crude  copper — or  from 
the  ore  itself ;  and  it  appears  to  me  that  although  the  refining  of 
crude   copper  cast   into  suitable  anodes  is  a  very  hopeful   and 
excellent  proceeding,  and  one  likely  to  relegate  the  ordinary  dry 
methods,  even  of  the  best  and  most  modem  type,  into  the  back- 
ground shortly,  yet  that  still  greater  advances  will  be  made  when 
the  ore  itself  is  treated  directly  with  the   same   success,     Mr. 
Swinburne  gives  details  of  the  Siemens-Halske  and  of  the  Hopfoer 
process,  and  with  respect  to  the  former  little  need  be  said ;  but 
with  regard  to  the  latter  the  following  statement  in  Mr.  Swin- 
burne's  paper   requires   comment : — "  I  do   not  know  why  the 
"  chloride  should  be  preferred  to   the  sulphate ;   and   no  infor- 
"  mation  is  given  as  to  what  is  done  with  the  sulphur  in  the  ore, 
"  and  with  the  excess  of  ferrous  chloride  that  must  be  produced." 
It  seems  to  me,  as  a  chemist,  that  the  chloride  is  preferred  to  the 
sulphate   because  of  the  ease  with  which   cuprous   chloride   is 
formed,  whereas  cuprous  sulphate  is  not   known  to   exist;   and 
advantage  is  taken  of  the  fact  that  cuprous  chloride  will  yield 
more  copper  per  unit  of  currrent  than  would  cupric  sulphate, 
because  the  copper  is  already  present  in  a  partially  reduced  state. 
The  whole  object  of  the  Hopfaer  process,  as  I  understand  it, 
is  to  take  advantage  of  the  reducing  action  of  the  cupriferous 
material  of.  the  ore,  and  thus  get  part  of  the  work  of  reduction 
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Mr.  Blount,  efibcted  outside  the  decomposing  cell.  The  chief  diflSculty  in  the 
Hopfner  process  appears  to  be  that  indicated  by  Mr.  Swinburne 
in  his  reference  to  the  electrolytic  production  of  alkali,  namely, 
the  provision  of  a  suitable  anode.  The  anode  is  always  a  source 
of  trouble :  either  it  will  not  stand,  or,  if  it  stand,  it  will  not 
conduct.  The  crux  is  to  obtain  an  anode  that  will  fulfil  both 
requirements.  Mr.  Hopfner  has  lately  selected  a  curious  material, 
viz.,  ferro-silicon,  but  it  is  scarcely  one  which  will  conmiend  itself 
to  the  chemist.  Possibly  the  Greenwood  anode  would  do  better 
for  this  purpose,  as  I  have  heard  favourable  reports  of  it 
recently. 
Mr.  Swan.  Mr.  J.  W.  SwAN  [coTTmiuniccded]  :  The  following  are  some  of 

the    points    that    call    for  comment  in   Mr.    Swinburne's  very 
suggestive  paper  :— 

Section  1.  In  estimating  the  cost  of  a  kilowatt  at  a  farthing 
an  hour  it  would  be  useful  to  know  how  much  of  this  was  for  coal 
— and  the  price  of  the  coal — and  the  other  elements  of  the  cost 
in  detail ;  also,  whether  there  is  any  instance  of  this  low  cost 
having  been  realised  in  actual  practice. 

Section  3.  Under  the  heading  "  Aluminium  '*  the  author  says, 
"  It  seems  to  be  impossible  to  deposit  aluminium  from  any  of 
"  its  solutions."  There  has  been  a  remarkable  incertitude  as  to 
this  point  on  the  part,  at  least,  of  the  authors  of  books  on  electro- 
metallurgy, but  in  the  face  of  the  following  statement  which 
appears  in  the  Scientific  American  of  October  22nd,  1892,  in 
connection  with  a  detailed  description  of  plating  large  pillars  with 
aluminium,  it  seems  hardly  possible  to  disbelieve  any  longer.  It 
is  said  on  page  262 :  "  The  fact  is,  that  when  two  substances  are 
"  present  requiring  different  E.M.F.  to  decompose  them,  if  the 
"  E.M.F.  is  high  enough  to  decompose  the  higher  compound, 
*'  the  current  is  divided  between  them  in  some  ratio  decomposing 
^*  them  both ;  and  I  find  that  by  using  a  solution  of  altmiinium 
*^  that  has  but  a  slight  dissolving  effect  upon  aluminium,  with  a 
"  density  of  current  of  8  amperes  to  the  square  foot,  with  sufficiently 
^*  high  voltage  (6^  to  7),  aluminium  can  be  deposited  on  the 
'^  cathode  at  the  rate  of  one  gramme  per  hour  per  square  foot>  in  a 
-  **  reguline  state,  and  with  higher  currents  it  can  be  deposited  modi 
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"  quicker,  but  will  be  in   a  pulverulent  state,  which  does  ilOt  Mr.  swan. 
«  adhere.'' 

Section  3.  In  discussing  the  question  of  the  extraction  of 
copper  from  copper  matte,  I  observe — speaking  of  Dr.  Hopfner's 
method — Mr.  Swinburne  says,  "  I  do  not  know  why  the  chloride 
"  of  copper  should  be  preferred  to  the  sulphate."  The  main 
features  of  that  process  are  :  Instead  of  electrolysing  sulphate  of 
copper  solution,  Dr.  Hopfner  employs  a  solution  of  cuprous 
chloride  (Cu  2  CI  2)  as  the  electrolyte,  and  after  the  partial  deposi- 
tion of  the  copper  and  raising  of  the  cuprous  chloride  to  cv/pric 
chloride  (Gu  CI),  he  reproduces  the  cuprous  chloride  by  treating 
the  cupric  chloride  with  ore,  obtaining  sulphur  at  the  same  time. 
Formulffi  of  the  decompositions — 

I.  Electrolysis  of  the  cuprous  chloride : 
Cu  2  CI  2  =  Cu  =  Cu  CI  2. 
II.  Regeneration  of  cuprous  chloride  : 
Cu  CI  2  =  Cu  S  =  Cu  2  a  2  =  S. 
The  chief  claim  of  Dr.  Hopfner  seeiAs  to  be  that  he  obtains 
a  quantity  of  copper  doubly  larger  than  what  is  usually  obtained 
by  a  given  current.     He  says,  "  For  each  ampere  of  current  I 
**  obtain  2*36  grammes  of  copper  per  hour,  instead  of  ri8  grammes 
**  yielded  by  the  electrolysis  of  the  sulphate."     The  reason  of  this 
is,  of  course,  that  he  electrolyses  a  cuprous  compound. 

Section  4.  In  connection  with  the  question  of  the  electrolytic 
extraction  of  zinc,  I  may  remark  that  there  is  great  room  for 
improvement  on  the  ordinary  process  of  zinc  smelting — ^it  is  a 
most  wasteful  and  altogether  imperfect  process.  There  is  in  it  an 
immense  consumption  of  coal — for  calcination  and  for  smelting 
— ^and  a  great  loss  of  metal,  10  to  15  per  cent,  of  the  40  to 
50  per  cent,  in  the  arc  being  unrecovered,  making  a  loss  of  20  to 
30  per  cent,  of  the  metal.  The  inducement  to  effort  to  improve 
this  process  by  electrical  or  any  means  is  very  strong.  Among 
the  electrolytic  processes  one  of  the  most  recent,  and  perhaps  one 
of  the  most  hopeful — Burghardt's — is  not  named.  Burghardt 
proposes  to  deposit  zinc  from  a  solution  of  zincate  of  soda. 

Section  5.  A  clear  distinction  should  be  drawn  between  the 
electrolytic  extraction  of  the  metals  from   their  ores   and  the 

Digitizediy  Google 


578  PROBLEMS  OF  COMMERCIAL  ELECTROLYSIS.    [Not.  17th, 

Mr.  Swan,    electroljtic  refining  of  the  crude  metals.    Electrolytic  refining 
has  been  attended  with  great  success  in  a  commercial  sense  in 
the  case  of  copper  refining,  and  probably  the  same  principle  can 
be  used  with  success  in  the  case  of  other  crude  metals. 
Mr.  Mordey.        Mr.  MoRDEY :  On   the   question   of  carbon   anodes,  I  notice 
several   passages  in   the  paper  indicating   that  there   is   some 
uncertainty  as  to  what  takes  place  when  carbon  is  used  as  an 
anode.     Some  12  or  14  years  ago  I  found. that  COj  was  foimed 
pretty  abundantly.     I   was   making  a  class  experiment   on   the 
electrolysis  of  water  acidulated  with  a  little  sulphuric  acid.     I 
had  carbon  electrodes,  and  when  I  attempted  to  show  the  explosion 
of  the  mixed  gases  they  did  not  explode.     I  took  the  thing  home 
and  investigated  it,  and  I  found  that  on  passing  the  gases  through 
lime-water  there  was  an  abundant  whitening  of  the  liquid — ^the 
ordinary  test  for  C  Oj.     I  searched  all  the  books  I  could,  and 
found  no  reference  to  this  action  in  electrolysis,  until  I  looked — 
where  I  ought  to  have  looked  at   first — in  the  ''Experimental 
"  Researches  "  of  Faraday.     I  have  looked  up  the  reference  again. 
It  is  in  paragraph  560  of  the  first   volume,  dated   June,    1833. 
He  points  out  that  C  0,  and  C  0  are  given  oflf  freely  when  water  is 
electrolysed  with   charcoal   electrodes.     It  now  appears  that  in 
bleaching  operations  trouble  is  caused  by  the  deposition  of  carbon« 
I  noticed  this  deposition.     Now,  I  did  not  understand  that,  and  I 
should  be  very  glad  if  it  could  be  made  clear  in  this  di.scussion. 
Of  course,   if  the   carbon  is   merely   oxidised,   and   if  carbonic 
anhydride  and  carbon  monoxide  are  formed,  then  these  are,  I 
suppose,  given  oflf  as  gases.     But  finely  divided  carbon  appears  to 
get  into  suspension.     In  my  experiments  I  was  using  extremely 
dense  gas  carbon,  very  hard  indeed,  and  it  was  scarcely  likely 
that  the  almost  impalpable  carbon  powder   that  was  deposited 
was  due  to  disintegration  of  the  carbon.     I  thought  at  the  time, 
and  I  do  not  see  now  why  it  may  not  be,  that  there  is  some  other 
action  going  on — ^that  the  oxides  are  decomposed  in  some  way, 
and  that  free  carbon  is  thrown  down  in  a  very  finely  divided  state 
in  the   liquid.      Perhaps    Mr.   Swinburne    can    give    us    some 
information  on  this  subject. 
FMrident  The  PRESIDENT:  Might  I  ask  Mr.  Mordey  whether  carbon 
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monoxide  or  carbon  dioxide — whichever  it  may  be — is  produced  in  ^^^j^^ 
the  electric  circuit,  or  is  it  a  product  produced  chemically  outside 
the  electric  chain  ?     Does  it  aflfect,  in  other  words,  the  potential 
diflFerence  required  for  the  decomposition  of  the  dilute  sulphuric 
acid  ? 

Mr.  MoRDEY:  My  experiment  was  a  very  ordinary  one.  iMr.  Mordey. 
had  a  closed  electrolytic  cell,  with  a  couple  of  electrodes,  in 
this  case  of  carbon,  and  a  tube  to  collect  the  gases.  The  lime- 
water  was  very  quickly  whitened,  and  the  gases,  instead  of 
exploding  sharply,  went  oflf  with  a  very  faint  puflf  indeed,  showing 
that  it  was  almost  entirely  non-explosive. 

The  Pkesident  :  What  I  meant  was  this :  In  the  ordinary 
decomposition  of  water  electrolytically  the  result  is  simply  oxygen 
and  hydrogen,  but  you  have  burnt  carbon  during  the  process: 
you  have  therefore  produced  heat,  or  have  diminished  the 
electrical  energy  which  is  required  to  split  up  the  hydrogen  and 
oxygen ;  in  other  words,  the  potential  difference  to  produce  the 
chemical  action  would  be  different  if  there  were  not  carbon  but 
platinum,  otherwise  the  formation  of  dioxide  would  produce  heat 
and  be  outride  the  electric  circuit.  You  do  not  know,  perhaps, 
which  is  the  case  ? 

Mr*  Mordey :  I  can  give  no  information  on  that  point;  I 
simply  investigated  the  product  to  find  what  really  came  off,  and 
I  do  not  know  whether  the  P.D.  across  the  electrodes  was  the 
same  as  with  platinum  electrodes  or  not. 

Mr.  Richardson:  Might  I  ask  if  the  last  speaker  measured 
the  quantity  of  gas  that  was  given  off  ? 

Mr.  Mordey  :  The  experiment  was  not  quantitative. 

Mr.  Richardson  :  I  mean  the  temperature  due  to  the  C  0,  in 
the  water  expelled  by  the  other  gases. 

Mr.  Mordey  :  I  am  afraid  I  have  given  you  all  the  informa- 
tion I  can  on  the  subject.  When  I  found  that  Faraday  had  found 
the  same  thing,  and  had  quite  clearly  stated,  in  1833,  that  G  0^ 
and  C  0  were  abundantly  formed  when  slightly  acidulated  water 
was  electrolysed  in  this  way,  I  gave  no  further  attention  to  the 
subject.  I  was  only  surprised  that  there  was  no  mention  of  this 
action  in  the  books  I  was  able  to  refer  to.     It  is  apparently  not 
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fr.iiprdey  geiierallj  known  even  now,  and  Mr.  Swinburne  says  he  was  not 

aware  of  it. 
Jjf.     ,  Mr.  J.  C.  RtCHARDSON :  I  am  connected  with  a  process  for  decom- 

iicfaftrdflon.  ^ 

posing  common  salt,  expressly  with  a  view  of  getting  products  in 
useful  form  suitable  for  paper  manu£Ekcture,  and  what  Mr.  Andreoli 
has  said  in  reference  to  carbon  anodes  I  can  quite  bear  out,  namely, 
that  using  the  carbon  in  a  dense  common  salt  solution  consider- 
ably reduces  its  rate  of  disintegration,  which  is  proportional  to 
the  density  of  current  ajid  strength  of  solution.  I  find  this  by 
the  action  which  is  shown  on  the  carbon  itself,  by  the  depth  of  the 
layers  taken  off  at  those  points  and  surfaces  nearest  the  opposite 
electrodes ;  and  I  think  Mr.  Andreoli  is  quite  right  in  what  he 
says  in  reference  to  weakening  the  solution — that  where  you  are 
liberating  chlorine  from  common  salt  in  weak  solutions  there  is  a 
great  tendency  for  a  portion  of  that  chlorine  to  decompose  water, 
-and  instead  of  liberating  chlorine  you  may  get  a  solution  of  hydro* 
•chloric  acid  and  oxygen.  In  the  case  of  the  formation  of  hypo- 
<3hlorites,  it  is  very  probable  that  where  you  are  using  a  very 
dense  current,  with  small  section  of  liquid  between  electrodes, 
you  may  get  the  chlorine  in  such  a  form  as  to  form  hydrochloric 
acid,  which,  being  in  the  neighbourhood  of  hypochlorites,  would, 
by  electro-molecular  action,  decompose  them,  with  a  re-formation 
of  water  and  the  reduction  of  hypochlorite  to  the  ordinary  chloride 
solution.  If  we  have  that  action,  or  some  such  action,  going  on 
at  the  anode,  we  have  a  very  similar  action  going  on  at  the 
cathode.  I  may  here  state — what  probably  has  been  often  stated 
before — that,  in  regard  to  chemical  change  in  bleaching  by  means 
of  bleaching  powder,  it  is  not  available  chlorine  at  all,  but  rather 
available  oxygen,  which  we  have  to  consider.  If  this  oxygen  be 
held,  as  it  is  no  doubt  held,  very  loosely,  the  hypochlorite  is  in  a 
very  unstable  condition.  If  you  reduce  the  oxygen  to  the 
condition  of  water  by  hydrogen,  you  have  the  formation  of 
ordinary  chloride  solution  and  a  waste  of  energy.  We  have  heard 
it  said  that  chlorates  are  formed,  and  not  only  chlorates,  but 
probably  chlorites  and  hypochlorates,  and  these  reduced  again  to 
chlorides.  The  change  goes  on  in  a  very  peculiar  way,  and  that 
is  why  I  think  that  Mr.  Swinburne  at  the  outset  of  his  paper 

_  Digitized  by  LjOOQIC 


M92.]  DISCUSSION.  581 

made  q  mistake  by  not  giving  more  consideration  to  the  changes  Mr. 
which  do  take  place  in  electrolytes,  not  only  at  the  electrodes, 
but  in  the  body  of  the  solution.  Theoretical  calculations  in 
reference  to  the  electrical  energy  required  for  certain  practical 
results  are,  as  Professor  Thompson  remarked,  no  doubt  very  mis- 
leading. In  regard  to  my  connection  with  a  concern  which 
claims  to  be  proceeding  upon  lines  which  are  of  a  practical 
character,  and  having  at  its  back  the  use  of  a  paper  mill  in  which 
the  products  can  be  employed  in  a  practical  way,  I  think  that 
I  may  be  able  to  put  gentlemen  here  on  the  right  track  by 
explaining  the  lines  upon  which  we  are  proceeding.  I  do  not 
think  for  one  moment  that  the  formation  of  hypochlorite  solution 
for  bleaching  operations  will  pay,  unless  its  application  is  to  some 
refined  or  fancy  purpose  in  which  you  require  small  quantities  of 
solution  at  a  time,  and  which  have  not  particularly  extensive 
applications  with  regard  to  the  material  that  requires  to  be 
bleached ;  as  a  gentleman  on  my  right  says  with  regard  to  his 
beautiful  **  china  grass,"  rhea  fibre,  or  something  of  that  kind. 
The  lines  on  which  we  are  proceeding  are :  We  take  an  almost 
saturated  solution  of  salt — we  do  not  take  a  saturated  solution, 
for  the  simple  reason  that  the  soda  as  formed  at  the  cathode  has 
a  great  afiSnity  for  water  and  throws  a  small  quantity  of  salt  out 
next  the  cathode,  which  tends  to  incrust  it,  unless  you  add  water 
to  the  cathode  compartment.  I'o  avoid  that,  we  use  a  solution 
not  quite  saturated,  by  which  the  salt  is  not  thrown  out  at  the 
cathode.  I  may  say  with  regard  to  the  polarisation  at  the 
cathode,  touched  upon,  that  may  be  overcome  by  using  oxide  of 
copper  (Cu  0) ;  and  if  the  electrodes  be  used  horizontally  the  soda 
formed  at  the  bottom  maybe  run  off  without  employing  any  kind 
of  partition  between  electrodes,  and  if  used  vertically  it  descends 
to  the  bottom,  where  it  may  be  drawn  off  as  a  concentrated 
solution.  I  do  not  quite  see  how  Mr.  Swinburne — and  of  course  I 
want  to  be  friends  with  him — can  have  obtained  a  solution  of 
30  per  cent,  soda  so  very  easily,  because  strong  soda  solution  has 
such  an  affinity  for  water  that  it  will  not  allow  much  salt  to  exist 
in  its  presence.  With  regard  to  the  chlorine  given  off  at  the 
aaiode,  we  take  our  chlorine  off  as  gas  at  the  anode,  and  lead  it 
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into  **  lime  boxes,''  or  lime  chambers  ;  but  as  this  subject  will  no 
doubt  have  its  api)lication  mainly  to  paper  manufacture,  our  plan 
generally  is  to  use  it  ip  the  form  of  a  bleaching  solution,  and  this 
is  made  by  leading  the  gas  into  a  series  of  milk  of  lime  tanks 
fitted  with  agitators  ;  and  the  solution  may  be  drawn  oflf  when  of 
the  required  strength,  or  made  stronger  when  it  only  requires  the 
addition  of  water  to  make  it  serviceable  for  direct  use.  As  this 
solution  of  hypochlorite  is  considerably  more  efficient  for  bleach- 
ing, in  proportion  to  its  specific  gravity,  there  is  a  greater  bleach- 
ing action  in  it  than  from  the  solution  used  from  dry  chloride  of 
lime.  Dry  chloride  of  lime  has  usually  to  be  conveyed  a  consider- 
able distance  before  use ;  and  if  stored  for  any  length  of  time  it 
decomposes  and  re-forms  chloride  of  calcium,  which,  of  course,  is 
practically  valueless,  and  sometimes  it  will  lose  as  much  as 
30  per  cent,  of  its  efficiency  in  this  way. 

As  regards  the  anode,  we  have  proceeded  on  the  lines  of  the 

use  of  gas-retort  carbon,  and  we  find  that  carbon  disintegrates  at 

a,  rapid  rate  under  certain  circumstances.     But  we  find,  after 

working  night  and  day  for  some  months  past,  that  its  rate  of 

disintegration  does  not  by  any  means  preclude  its  application  to 

the  particular  purposes  now  applied  for  decomposing  common  salt. 

The  carbon  mud  produced — regarding  which  a  speaker,  in  alluding 

to  the  liberation  of  G  O2  given  off  from  some  experiments  he  had 

tried,  remarked  that  it  comes  off  in  a  very  fine,  almost  infinitesimal, 

division — sometimes  it  comes  oft'  in  lengths  which  are  distinctly 

measurable,  sometimes  1-1 6th  of  an  inch,  and  sometimes  more,  as 

though  there  were  some  action  really  cutting  away  or  dissolving 

portions  of  it,  or  removing  another  qompound  not  pure  carbon,  bat 

a  hydrocarbon,  a  metal,  or  an  oxide.     With  regard  to  the  soda 

solution,  we  draw  it  off  from  our  apparatus  ranging  between  8  to 

10  per  cent,  of  soda — sometimes  less  and  sometimes  more — thus 

making  it  useful  for  paper  manufacture ;  and  an  undecomposed 

salt  we  recover,  if  necessary,  by  evaporating  down  the  solution  to  a 

twaddle  of  50  or  60  or  more.    That  solution  passes  on  to  the  boilers, 

being  diluted  down  to  about  a  twaddle  of  12.     The  recovered  salt 

is  again  used  in   the  electrolytic   tanks.     With  regard   to  the 

solidification  of  soda,  of  course  that  is  not  necessary  in  a  paper. 
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mill.    Chloride  of  lime  in  solution  and  soda  in  solution  have  a  Mr. 

Bichardsoik. 

maximum  value  of  application  in  paper  manufacture.  So  far  as 
oar  operations  have  gone  we  have  met  with  most  encouraging 
results,  and  as  a  proof  of  that  I  may  say  that  the  gentlemen  who 
have  put  their  money  into  this  concern  have  guaranteed  as  much 
money  as  may  be  required  to  enlarge  the  plant. 

Mr.  A.  C.  Falconer  :  I  wish  simply  to  say  a  word  about  what  Mr. 

^  "^  ''  Falconer. 

Mr.  Cooper  and  Mr.  Andreoli  have  said.  I  do  not  quite  agree  with 
our  friend  Mr.  Andreoli  in  what  he  said  about  electric  bleaching. 
Mr.  Fitz-Gerald  and  I  have  worked  for  four  years,  and  our  results 
have  always  been  better  than  our  calculations.  I  have  not  had 
time  to  read  carefully  a  very  interesting  paper  by  Mr.  Andreoli's 
father  in  the  Electrical  Review;  but  there  are  certain  statements 
there  which  ought  to  be  investigated.  In  reference  to  what  Mr. 
Cooper  said :  If  Mr.  Cooper  can  possibly  make  electric  bleaching 
pay  when  using  a  platinum  anode,  then  I  say  that  with  peroxide 
of  lead  as  an  anode  it  will  pay  very  considerably  better.  In 
common  with  Mr.  Fitz-Gerald,  I  feel  certain  that  lithanode  will 
remain  unattacked  in  the  presence  of  hydrochloric  acid,  so  long, 
as  the  current  passes. 

The  President  :  My  reason  for  asking:  Mr.  Mordey  about  the  The 

o  ./  President. 

formation  of  the  carbon  dioxide  is  because  the  question  whether 
it  is  an  electrical,  chemical,  or  an  electrolytic  action  seems  to  be 
one  of  very  great  importance.  If  it  is  only  a  chemical  action, 
the  cell  is  simply  heated,  and  the  action  is  like  any  ordinary 
burning,  and  is  not  of  importance.  What  I  mean  is  this :  If  it 
is  really  an  electrolytic  action,  then  what  he  has  done  is  this — 
he  has  decomposed  water,  and  formed  carbon  dioxide.  Of 
course  the  heat  of  combustion  of  hydrogen  is  greater  than  the 
combustion  of  an  equivalent  amount  of  carbon,  and  therefore 
energy  is  required  to  produce  that  process.  If,  however,  you  employ 
the  oxide  of  a  substance  which  has  a  less  heat  of  combustion 
than  carbon,  then,  if  what  he  found  was  really  an  electrolytic 
process,  it  would  be  possible  to  obtain  electrical  energy  by  the 
combustion  of  carbon  in  an  extremely  easy  way,  which  is  the  one 
thing  which  so  many  of  us  have  been  looking  for  for  so  many 
years.    It  would  mean,  therefore,  combining  with  your  carbon 
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electrodes  some  material-— some  other  oxide— the  heat  of  the 
combustion  of  which — the  energy,  in  fact,  required  to  split  it  up 
—was  less  than  the  energy  given  out  by  the  burning  carbon: 
you  would  then  have  a  very  simple  electric  cell,  in  which  the 
positive  substance  would  then  be  carbon.  I  can  hardly  hope 
for  such  an  easy  solution  of  the  process,  and  therefore  am  very 
much  afraid  that  the  E.M.F.  required  to  produce  the  decompo- 
sition will  not  be  altered  by  the  production  of  the  carbon 
dioxide,  and  that  the  formation  of  the  carbon  dioxide  which  Mr, 
Mordey  observed  must  be  a  secondary  chemical  action,  and  the 
equivalent  amount  of  energy  goes  to  slightly  warm  the  celL 

Another  point :  The  action  of  the  current  in  producing  an 
electric  transference — which  is  said,  for  example,  to  occur  in 
electric  tanning — is  quite  distinct  from  electrolysis.  There 
was  an  example  I  came  across  several  years  ago.  I  wished 
to  make  experiments  on  the  process  referred  to  by  Mr, 
Swinburne  for — I  think  it  was — ^an  Australian  firm.  It  was 
to  test  a  method  for  preventing  the  mercury  from  becoming 
**  sick,"  as  it  is  technically  called,  by  the  formation  of  the  gold 
amalgam.  They  used  rain  water  running  over  large  troughs  of 
mercury  :  the  mercury  picks  up  the  gold,  which  is  easily  extracted 
by  the  subsequent  evaporation  of  the  mercury.  But  after  a  time 
the  mercury  has  collected  so  much  gold  that  gold  particles  may 
be  poured  over  the  surface  of  the  mercury  amalgam  without 
being  caught.  To  overcome  that  difficulty  it  was  proposed  to 
send  the  current  through  the  water  to  the  mercury.  That 
produces  hydrogen  at  the  surfaces  of  the  mercury,  which  cleans 
the  mercury,  and  so  exposes  a  fresh  surface  for  the  fresh  tracking 
of  gold.  A  great  objection  to  the  method  was  the  very  large 
E.M.F.  required  to  produce  sufficient  decomposition  of  pure 
water.  They  used,  I  mean,  ordinary  culvert  water  running  over 
the  mercury,  and  to  decompose  sufficient  to  clean  the  mercury 
was  expensive. 

A  thing  occurred  to  me  to  try  which  had  nothing  to  do 
with  electrolysis  atall.  I  wondered  whether  the  cleaning  of  the 
mercury  might  be  due  to  any  cause  altogether  different,  and 
not   merely    to    the    hydrogen    being    produced,   but    possibly 
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to  the  gold  itself  being  carried  down  through  the  mercury  The 
— that  is,  as  if  the  current  were  in  fact  a  vehicle  for  taking 
the  particles  of  gold  and  forcing  them  through  the  mercury. 
I  made  experiments,  and  prepared  tubes  of  similar  mercury, 
and  put  similar  particles  of  gold  on  the  top,  and  then  sent  a 
current  for  a  certain  number  of  hours  through  one  tube,  and 
no  current  at  all  through  the  other.  In  the  morning  of  the 
next  day,  or  the  day  after,  I  analysed  the  layers  of  mercury  in 
each  of  the  two  vertical  tubes ;  and  in  the  case  of  the  one 
without  current  the  mercury  at  the  bottom  was  pure,  and  in 
the  one  with  current  the  mercury  at  the  bottom  contained  a 
good  deal  of  gold,  showing  that  the  mere  passage  of  current 
apparently  conveyed  gold  down  to  the  bottom  of  the  mercury. 

When  Professor  Perry  and  I  were  in  Japan,  we  made  a  number 
of  experiments  to  see  if  it  was  not  possible  to  produce  a  voltaic 
cell — a  primary  cell — using  this  idea  of  transference  of  one 
material  through  another,  so  as  to  obtain  an  E.M.F.  and  currents 
without  any  electrolysis  at  all.  We  got  such  a  cell — ^a  cell  of 
mercury  and  magnesium — an<i  a  full  account  of  it  was  given  to  the 
fioyal  Society.  I  believe  it  was  wrong.  Nobody  else  has 
suggested  that,  but  I  suggest  it  now.  The  paper  was  read  and 
discussed  in  the  usual  way,  I  believe.  I  was  abroad,  and  therefore 
did  not  take  jmrt  in  the  discussion.  The  action  was  that  of  a 
voltaic  cell  unquestionably,  but  I  am  inclined  to  think  the  action 
we  found  was  really  produced  by  the  temperature  of  the  mercury 
being  slightly  diflferent  from  what  we  supposed.  We  afterwards 
found  small  differences  of  temperature*  in  mercury  produced 
large  E.M.F.'s,  and  it  is  probable  that  after  distilling  the  mercury 
it  had  not  been  allowed  time  to  properly  cool.  Though  that 
particular  cell  was  a  cell  in  two  senses  of  the  word,  £till  I  think  it 
made  it  possible  to  really  get  an  E.M.F.  without  electrolysis, 
because  we  certainly  seemed  to  be  able  to  do  the  converse  by 
means  of  the  current — to  pass  one  substance  through  another 
without  any  electrolysis  in  any  sense  of  the  word. 

Mr.  A.  Sinclair  [communicated^:    Mr.  Swinburne   has  un- Mr. Sinclair. 
doubtedly  brought  forward  a  subject  well  worthy  the  notice  it  is 
likely  to  receive  at  the  hands  of  the  Institution.     It  is  a  subject 
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Mr.  8in6iftfr.  fraught  with  many  problems,  many  of  Which  at  first  glance  api>ear 
simple,  though  when  taken  in  hand  they  are  often  almost  unsor- 
mountable. 

The  first  point  on  which  I  find  myself  at  variance  with  Mr. 
Swinburne  is  the  cost  per  kilowatt-hour,  which  he  places  so  low  as 
0'25d4  True,  a  works  run  on  the  line  he  indicates  is  naturally  an 
efiicient  one;  still,  one  farthing  per  kilowatt  seems  absurdly 
low,  for,  1  kilowatt  taken  as  1*34  electrical  H.P.,  and  taking  an 
efficiency  from  steam  to  external  work  to  be  75  per  cent. — an 
efficiency  seldom  attained— the  I.H.P.  would  be  1*8,  and  suppose 
coal  to  be  1*75  lbs.  per  LH.P. — ^a  very  low  figure —it  would  there^ 
fore  be  required,  to  produce  1  kilowatt-hour  imder  the  &vourable 
circumstances  which  I  have  above  indicated,  3*15  lbs.  of  coal, 
which,  taken  at  10s.  per  ton,  would  give  0*168d.  for  coal  alone. 
Taking  coal  to  represent  one-half — a  figure  I  have  found  fairly 
regular — the  kilowatt  will  cost  0*336d.  for  simply  producing, 
without  taking  into  consideration  depreciation,  interest  on 
capital,  rent,  taxation,  repairs  and  depreciation  of  buildings. 
Taking  all  these  things  into  consideration,  0*5d.  would  seem  to  be 
the  figure  nearer  correct ;  even  this  I  believe  to  be  low.  Again, 
Mr.  Swinburne  assumes  generally  that  1  kilowatt  is  equal  to  a 
certain  amount  of  electrolytic  work.  So  it  is ;  but,  unfortunately, 
that  kilowatt  contains  E.M.F.,  a  constant  varying  quantity, 
according  to  the  materials  used  as  electrolyte  or  electrodes.  I 
have  found  repeatedly  that  it  is  almost  impossible  to  obtain  two 
sets  of  presumably  the  same  material,  and  in  presumably  the 
same  electrolyte,  to  give  a  certain  current  with  the  same  electro- 
motive force. 

With  regard  to  the  production  of  oxygen,  there  seems  to  be  a 
good  future,  though  2  volts,  I  think,  would  be  found  low,  as 
the  back  E.M.F.  generated  would  have  little  left  for  production 
of  current.  Again,  is  not  some  of  the  oxygen  redissolved  by 
the  water  ? 

In  the  electrolytic  separation  of  most  salts  by  insoluble 
anodes  the  great  troubles  seem  to  be  the  anode,  and  in  most 
cases  the  porous  diaphragm  as  well ;  all  I  have  seen  or  heard  of  are 
subject  to  depreciation  and  decay ;  platinum,  of  course,  will  hat, 
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but  its  price  makes  it  prohibited.     Should  a  really  good  anode  mi*.  sincdair. 
and  diaphragm  be  discovered,  the  future  in  this  branch  would  be 
unlimited. 

The  electrolytic  treatment  of  zinc  suffers  very  much  from 
the  effects  just  mentioned — insoluble  anodes  and  high  power. 
What  is  required  here  is  a  good  anode,  homogeneous  deposit,  and 
a  means  to  prevent  a  decomposition  of  water  and  consequent  loss 
of  power- 

The  refining  of  copper  by  Mr.  Hayden's  process — which  differs 
only  from  others  by  being  connected  in  series,  whilst  they  are 
connected  in  parallel — being  taken  as  from  20s.  to  25s.  per  tori, 
certainly  does  not  seem  tenable.  Under  the  most  favourable 
circumstances  400  kilowatt-hours  are  required  to  deposit  1  ton  of 
■copper,  which,  taken  at  ^d.  per  kilowatt,  would  be  16s.  8d. ;  again, 
the  fact  of  having  to  roll  the  copper  to  ^  or  |th  inch  thick,  and 
then  cast  to  shape,  as  many  will  readily  see,  will  cost  from  158.  to 
£1  per  ton.  These  items  in  themselves  come  to  more  than  the 
price  given ;  probably  some  three  to  four  times  that  figure  would 
be  the  better  value,  and  even  on  to  that  must  be  added  the  after 
treatment  of  the  copper  and  bullion  recovered. 

The  treatment  of  scrap  tin  seems  to  always  fail  on  account  of 
the  impurity  of  the  iron  recovered ;  could  pure  iron  be  produced, 
a  great  future  could  be  looked  for  in  this  direction. 

In  conclusion,  I  would  remark  that  what  is  required  is  not 
so  much  what  it  will  cost. to  produce  any  material,  but  the 
simplification  of  production ;  the  cost  will  take  care  of  itself  by 
the  mere  fact-  of  the  modification  of  the  method.  Some  of  the 
problems  required  to  be  overcome  are :  the  production  of  a  realljr 
•good  insoluble  anode,  the  discovery  of  a  good  diaphragm  which 
will  stand  the  test  of  time,  the  prevention  of  the  formation  of  a 
back  E.M.F.  when  insoluble  anodes  are  used,  the  preventibn  of 
decomposition  of  water,  the  production  of  pure  deposits  from 
impure  materials,  the  combinations  and  effects  of  such  impurities 
on  the  resistance  of  the  electrodes,  and  the  means  to  reduce  the 
resistance  of  electrolyte  so  as  to  minimise  the  quantity  of  power 
required.  These  problems  overcome  would  render  commercial 
electrolysis  an  accomplished  feet,  as  it  then  could  be  applied  to 
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Mr.  Sinclair,  most  processes  mentioned    by  Mr.  Swinburne  and  a  host  of 

others. 
M^  Mr.   Swinburne:   Before  replying  to  the  discussion.  I  must 

Swinbwme.  r  J      ^  ^  7 

thank  you  for  the  kind  and  lenient  criticism  with  which  my 
paper  has  been  met.  The  subject  is  out  of  the  run  of  papers 
read  before  the  Institution,  and  bristles  with  dif&culties.  We  are 
also  fortunate  in  attracting  several  chemists  who  are  specialists 
in  different  branches  of  this  subject;  they  have  made  most 
important  additions  to  the  discussion. 

Alkali. — ^The  first  criticism  refers  to  my  estimate  of  the  cost 
of  power.  My  figure  of  one  farthing  per  kilowatt-hour  was 
obtained  as  follows: — The  output  of  a  million  watts  at  the 
terminals  was  taken,  and  the  combined  efficiency  of  the  engine 
and  dynamo  was  taken  at  85  per  cent. — a  figure  which  has  been 
frequently  obtained  with  much  smaller  outputs  than  these.  The 
coal  was  taken  at  IDs.  per  ton,  and  2  lbs.  per  indicated  H.P. 
This  is  a  result  which  is  often  reached  in  practice.   We  thus  get — 

Yecvrly  Cost  of  a  Million  WaUs. 
Coal  £5,850 

Oil,  waste,  and  petty  stores         70O 

Three  shifts  of  engineers,  at  35s.            273 

Two  shifts  of  three  stokers,  at  24s 384 

Interest  on  £20,000,  at  3  per  cent 600 

Depreciation  on  £20,000,  at  5  per  cent.            ...  1,000 


£8,807 


This  comes  to  0*241d.  per  kilowatt-hour.  This  estimate  is  of 
course  close,  but  it  is  not  out  of  the  way,  and  1  have  made  great 
allowances  later  on  in  the  paper,  as  I  have  strongly  urged  the 
importance  of  having  a  very  large  margin. 

The  next  point  is  the  anodes.  It  seems  generally  admitted 
that  carbon  is  eaten  away,  but  some  seem  to  think  this  is  a  small 
matter,  and  corresponds  with  the  wear  and  tear  of  ordinary 
machinery.  My  answer  to  this  is,  that  caustic  soda  and  bleaching 
powder  cost  very  little  per  ton,  and  that  a  very  small  wasting 
away  of  carbons  will  very  soon  run  away  with  the  profits*  It 
takes  a  great  deal  of  bubbling  to  produce  a  ton  of  bleaching 
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powder,  and  the  feet  that  this  or  that  anode  has  been  known  to  Mr. 

'^  '  ^  Swlubume 

stand  for  a  month  without  being  eaten  away  to  any  great  extent 
gives  us  no  information,  unless  we  know  how  much  chlorine  has 
been  given  oflF  per  square  foot  in  the  time.    It  is  also  by  no  means 
easy  to  make  good  electrical  connections  to  carbon.     This  is  not 
of  great  importance  if  the  anodes  are  permanent,  but  if  they  are 
to  be  changed  at  intervals  it  means  a  very  serious  loss.     Making 
sach  connections  may  not  be  troublesome  in  experimental  plants ; 
but  when  the  novelty  has  worn  off,  and  the  electrolj^ic  works 
degenerate  into  the  barbarous   state  that  prevails  in  ordinary 
chemical  works  where  there  are  no  enthusiastic  inventors  at  hand 
to  look  after  things,  men  will  make  the  connections  carelessly,  and 
the  chlorine  will  leak  out  and  eat  away  the  metal  work.     I  have 
been  told  that  I  have  said  a  great  deal  about  the  anodes,  but  have 
said  little  about  the  other  difficulties  in  making  electrolytic  soda. 
This  is  because  the  anodes  seem  to  me  to  be  the   real  bar  to 
progress.     If  durable  anodes  can  be  made,  I  believe  caustic  soda 
can  be  made  commercially;  if  they  cannot,  I  do  not  think  we 
Beed  sj>end  time  over  the  other  minor  difficulties.     It  has  been 
ssdd  that  we  can  always  use  platinum,  and  lithanode  has  also  been 
suggested.    There  is  all  the  difference  in  the  world  between  using 
an  anode  for  making  a  hypochlorite  and  for  giving  off  chlorine. 
Platinum  may  be  excellent  for  making  bleaching  fluids  such  as 
magnesium  hypochlorite,  but  that  is  quite  a  different  matter  from 
giving  off  chlorine.     The  error  arises  from  the  old  way  of  looking  at 
electrolysis.     It  is  said  that  nascent  oxygen  is  evolved,  and  that 
this  attacks  the  chloride  and  changes  places  with  the  chlorine, 
giving  it  off.    The  nascent  chlorine  in  its  turn  produces  hypo- 
chlorite.    I  have  so  frequently  given  my  reasons  for  holding  that 
there  is  no  such  thing  as  a  nascent  state,  that  I  need  hardly 
repeat  them  here.     It  is  enough  to  say  that  oxidising  a  chloride 
into  a  hypochlorite  is  not  the  same  as  evolving  gaseous  chlorine, 
and  that  platinum  will  not  work  as  an  anode  in  a  solution  of 
common  salt,  unless  it  is  alkaline,  so  that  no  chlorine  is  evolved. 

It  has  been-  said  that  it  is  impossible  to  produce  30  per  cent. 
caustic.  I  have,  however,  made  caustic  of  this  strength  experi- 
mentally.    I  do  nbt  know  that  it  can  be  made  commercially. 
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Swinburne  ^®  caihode  solution  was  passed  over  salt,  then  electrolysed,  then 
passed  over  more  salt,  and  so  on.  The  cost  of  evaporation,  at  28. 
per  ton,  was  taken  with  relation  to  this  30  per  cent,  caustic,  and 
was  not  meant  to  apply  to  4  per  cent,  solutions.  As  my 
apparatus  was  very  rough,  it  seems  to  me  quite  possible  to 
produce  30  per  cent,  caustic  electrolytically.  It  was  suggested 
that  such  strong  caustic  would  get  to  the  anode  and  be  reduced. 
It  would  not  be  reduced  at  the  anode ;  it  would  be  converted  into 
hypochlorite.  There  is  no  reason  to  have  such  a  strong  solntioD 
anywhere  near  the  anode.  In  the  experiment  mentioned,  the 
cathode  solution  was  strong,  but  the  anode  solution  was  we^ 

My  contention  as  regards  electrolytic  soda  and  bleaching 
powder  is  that  the  anodes  are  the  most  important  difficulty,  and 
that  until  anodes  are  produced  which  will  last  there  is  no  use 
paying  any  attention  to  the  other  difficulties. 

Zinc. — Mr.  Swan  complains  that  I  have  not  mentioned 
Burghardt's  process.  It  is  mentioned  on  page  517,  but  electro- 
lysing an  alkaline  solution  of  zinc  seemed  to  me  so  obvious  that  I 
did  not  think  of  attaching  anyone's  name  to  it  as  an  inventor. 
Mr.  Rawson's  statement  that  treeing  of  zinc  can  be  prevented  by 
the  use  of  a  burnisher  is  of  the  highest  importance,  both  with 
regard  to  zinc  and  lead. 

Copper. — ^The  reaction  given  as  the  basis  of  the  Hopfiier 
process  still  seems  to  me  most  strange.  That  cupric  chloride 
should  convert  a  low  into  a  high  sulphide,  thus  taking  up  some 
of  the  copper,  seems  possible ;  but  that  it  should  attack  a  high 
sulphide  and  give  off  sulphur  seems  to  me  somewhat  extm- 
ordinary.  Of  course  cuprous  salt  gives  a  double  allowance  of 
copper  when  electrolysed,  as  far  as  the  quantity  of  electricity  is 
concerned ;  but  it  does  not  follow  that  this  is  an  advantage,  as  the 
resistance  of  the  solution  may  be  so  great  as  to  compensate  for 
it.  I  do  not  know  the  specific  resistance  of  the  double  chloride 
of  copper  and  sodium. 

With  regard  to  the  refining  of  copper,  it  is  satisfisictoiy  to 

hear  from  Mr.  Mavor  that  this  trade  is  developing  so  rapidly. 

I  was  aware  that  certcdn  copper  works  are  refining  eztensivdy) 

—  and  trust  they  may  find  the   baiiness   as  -  lucrative  as  tbsj 
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deserve;  but  as  a  general  rule  industrial  chemists  do  not  Mr 
treat  electro-metallurgy  seriously.  Mr.  Sinclair  seems  to  think 
my  figures  as  regards  the  Hayden  process  are  wrong.  I  can  only 
say  that  they  were  taken  from  actual  practice.  The  books  of  the 
Ck)pper  Company  were  examined  by  Mr.  Hays,  a  chartered 
accountant,  and  th^re  is  no  room  for  error  in  this  case. 

It  may  seem  strange  to  some  that  I  have  not  mentioned 
Mr.  Swan's  process  for  rapid  deposition :  his  paper  was  not 
published  at  the  time  mine  went  to  press.  It  must  be  remem- 
bered that  this  paper  was  really  written  during  the  spring. 

Tanning. — Mr.  Falkenstein  says  that  tannin  is  a  colloid,  and 
then  goes  on  to  say  that  electrical  tanning  depends  on  electrical 
osmosis.  This  seems  to  me  to  be  a  contradiction.  Mr.  Trotter 
says  there  is  no  theory  of  electric  tanning ;  but  I  have  given  a 
theory,  and  he  does  not  criticise  it.  Of  course  my  theory  doea 
not  go  into  the  theory  of  the  process  known  as  electric  osmosis^ 
any  more  than  in  the  rest  of  the  paper  I  go  into  the  latest 
theories  regarding  the  nature  of  electrolysis.  That  electrolysis 
produces  a  slow  displacement  of  the  radicles  throughout  the 
electrolyte  is  well  known;  and  this,  even  if  the  motion  is 
excessively  slow,  accounts  for  the  eflfects  in  electrical  tanning. 
The  discussion  of  the  movements  of  the  radicles  and  the  causes  of 
these  movements  is  a  question  of  theoretical  electrolysis,  and  not 
specially  of  electrical  tanning. 

Ozone. — ^Mr.  Andreoli  has  urged  that  the  production  of  ozone 
by  high-pressure  discharge  is  not  electrolysis.  I  can  only  say 
that,  as  far  as  we  know,  the  process  is  more  nearly  analogous  to 
electrolysis  than  to  anything  else.  It  seemed,  at  any  rate, 
sufficiently  within  the  scope  of  my  subject  to  be  discussed. 

Bleaching. — ^The  information  we  have  obtained  on  this  subject 
seems  particularly  important.  The  lithanode  plates  shown,  which 
have  withstood  several  years'  constant  work  without  any  apparent 
destruction,  show  that  at  any  rate  we  are  in  possession  of  anodes 
which  are  suitable  for  producing  hypochlorites.  It  seems  to  be 
generally  assumed  that  making  hypochlorites  is  on  the  same 
footing  as  electrolytic  soda  and  bleaching,  apart  from  the 
question  of  anodes.      It  must  be  remembered,   however,  that 
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gj^  in  the  case  of  hypochlorites  we  only  get  half  the  product.     In 

one  case  we  get  bleach  and  soda,  in  the  other  bleach  only, 
with  approximately  the  same  expenditore  of  power.  Another 
point  that  is  often  overlooked  is  that  the  various  anodes  take 
different  electro-motive  forces.  Mr.  Cross  refers  to  the  production 
of  an  oxidising  body  at  the  cathodes.  This  seems  an  odd  state- 
ment. One  can  understand  a  reducing  agent  produced  at  the 
anodes,  as  such  bodies  as  peroxide  of  hydrogen  act  as  reducing 
agents  in  certain  cases ;  but  the  production  of  an  oxidising  body 
at  the  cathodes  seems  impossible.  I  can  quite  agree  with  Mr. 
Gross  that  it  is  possible  that  magnesium  hypochlorite  may  be 
more  useful  than  the  hypochlorite  of  a  stronger  base,  as  it  may 
not  have  enough  oxidising  power  to  waste  itself  by  attacking 
bodies  which  would  reduce  such  hypochlorites  as  that  of  sodium. 
Magnesium  hypochlorite  may  thus  easily  devote  itself  entirely  to 
the  useful  occupation  of  bleaching,  without  wasting  its  energies 
on  the  oxidisation  of  useless  materials.  That  electrolytically 
prepared  hypochlorite  should  bleach  better  than  hypochlorite 
prepared  chemically,  seems,  I  must  say,  highly  improbable. 

Electro-Plating, — In  answer  to  Professor  Thompson  and  !Mr. 
Lloyd,  I  designedly  left  electro-plating  out  of  account,  as  the 
subject  is  too  large.  I  could  not  find  any  title  that  would  cover 
the  subjects  with  which  I  intended  to  deal,  and  would  exclude 
plating. 

MiscdlaTUOus. — ^With  regard  to  the  evolution  of  CO,  from 
carbons,  I  do  not  think  there  is  the  least  chance  of  being  able  to 
use  carbon  as  a  positive  element  in  an  aqueous  solution.  The 
mere  feu^t  that  it  serves  so  excellently  as  a  negative  element  is 
enough  to  show  that  it  will  not  do  instead  of  zinc.  Mr.  Willard 
E.  Case  has  made  some  experiments  on  this  subject,  but  they  do 
not  seem  conclusive  either  way.  (See  Eledridanj  January  20th, 
1888.)  The  question  as  to  whether  a  fluid  alloy  is  an  electrolyte 
has  also  been  investigated  by  Professor  Chandler  Roberts. 

The  President  :  I  have  pleasure  in  moving  a  vote  of  thanks 
to  Mr.  Swinburne  for  his  very  interesting  paper,  which  has  given 
yise  to  two  evenings'  interesting  discussion. 
—  The  motion  was  carried  unanimously. 
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The  President  :  I  have  also  to  announce  that,  owing  to  the 
death  of  Mr.  Edward  Graves,  it  has  been  found  necessary  to 
appoint  a  temporary  Honorary  Treasurer  until  the  Annual  General 
Meetings  and  Sir  David  Salomons  having  been  good  enough  to 
consent  to  act  in  that  capacity,  he  has  been  appointed  by  the 
Council  accordingly. 

A  ballot  for  new  members  took  place,  at  which  the  following 
candidates  were  elected : — 


C.  E.  L.  Brown. 


Foreign  Members: 

I      M.  A.  van  der  Sprong. 


Harold  A.  Clegg. 
William  Corkhill. 
Edward  Henry  Draper. 
Edward  Somerset  Eccles. 
Arthur  H.  M.  Francis. 
Charles  Jones. 
Francis  Hastings  Medhurst. 
Thomas  Oddy. 


Aaaociates : 

Edward  T.  Parker. 
H.  Faraday  Proctor, 
William  Sillery. 
John  Edwin  Tongue. 
Howard  B*  Trotter. 
Archibald  Wilson. 
Herbert  Wooler. 


Students : 


John  George  Burchell. 
Frank  Fairley. 
Frederic  Digby  Latimer. 

The  meeting  then  adjourned. 


Hugh  Bemie  Player. 
Charles  Henry  Stobart. 
Charles  Barnard  Wigg. 
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The  Two  Hundred  and  Forty-third  Ordinary  General  Meeting  of 
the  Institution  was  held  at  the  Institution  of  Civil  Engineers, 
25,  Great  George  Street,  Westminster,  on  Thursday  evening, 
November  24th,  1892— Professor  W.  E.  Ayrtox,  F.ILS., 
President,  in  the  Chair. 

The   minutes   of    the    Ordinary   General   Meeting    held    on 
November  17th  were  read  and  approved. 

The  names  of  new  candidates  for  election  into  the  Institution 
were  announced  and  ordered  to  be  suspended. 

The    following    transfer    was    announced    as    having    been 
approved  by  the  Council : — 

From  the  class  of  Associates  to  that  of  Members — 
Edmund  P.  Jackson. 

Mr.  R.  A.  Smith  and  Mr.  J.  0.  Girdlestone  were  appointed 
-scrutineers  of  the  ballot. 

Donations  to  the  Library  were  announced  as  having  been 
received  since  the  last  meeting  from  the  Astronomer  Boyal ;  the 
Director-General  of  Telegraphs  in  India;  Mr.  John  Aylmer, 
Local  Honorary  Secretary  in  Paris ;  Dr.  John  Hopkinson,  F.R.S., 
Past-President ;  and  Mr.  Perrin  May  cock,  Member;  to  whom  the 
thanks  of  the  meeting  were  accorded. 

The  following  paper  was  then  read : — 

EXPERIMENTAL  RESEARCHES  ON  ALTERNATE- 
CURRENT  TRANSFORMERS. 

By  J.  A.  Fleming,  M.A.,  D.Sc,  F.R.S.,  Member. 

1.  So  much  has  been  already  written  on  the  theory  and  per- 
formance of  real  and  imaginary  transformers,  that  some  excoBe 
might  seem  necessary  for  venturing  to  add  to  the  literature  of 
the  subject ;  and  yet,  when  we  come  to  review .  that  which  is 
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absolutely  accepted  as  settled  trath  with  regard  to  transformers, 
we  find  acknowledged  authorities  were  no  long  time  ago,  and  per- 
haps are  now,  in  entire  disagreement  with  each  other  on  matters 
which  seem  vital  and  fundamental.  At  the  time  when  the  inves- 
tigations  described  in  the  following  paper  were  commenced,  the 
matters  in  high  dispute  involved  such  practical  questions  as  the 
relative  superiority  or  advantages  of  open  and  closed  magnetic 
circuits,  the  relative  magnitude  of  the  core  losses  at  full  and  at  no 
load,  and  the  most  trustworthy  experimental  methods  of  deter- 
mining these  transformer  losses.  During  the  many  months  that 
these  experiments  have  been  in  progress,  important  contributions 
have  been  made  to  the  solution  of  these  questions  in  papers  by 
Dr.  Hopkinson,  Professor  Ayrton,  and  Dr.  Sumpner.  Applying 
their  own  particular  methods,  they  have  reached  conclusions  on 
some  of  these  points  which  it  will  be  seen  are  similar  to  those 
arrived  at  in  the  following  pages.  As  my  own  experiments, 
which  were  almost  complete  before  these  papers  appeared, 
have  been  made  with  apparatus  and  instruments  obtainable  in 
most  electrical  workshops,  and  have  not  been  limited  to  one  or 
two  special  transformers,  but  have  been  made  with  stock  sizes  of 
many  diflFerent  kinds  and  types  of  transformers,  it  seemed  likely 
that  they  might  have  sufficient  independent  value  to  justify  me 
in  bringing  them  before  you. 

These  experiments  had  their  origin  partly  in  my  own  desire 
for  definite  and  trustworthy  facts  as  to  actual  transformers  in  use, 
and  partly  arose  out  of  an  invitation  of  Mr.  Swinburne  to  examine  his 
"  hedgehog  "  transformer,  and  compare  its  performance  with  that 
of  some  closed  magnetic  circuit  transformer  of  equal  size.  They 
have,  however,  gone  beyond  that  last-mentioned  aim,  and  it  forms 
no  part  of  my  purpose  to  draw  comparisons  between  transformers 
from  a  commercial  point  of  view,  but  simply  to  record  facts  of 
observation  and  leave  them  to  speak  for  themselves.  As  a  matter 
of  &ct,  it  is  a  very  difficult  thing  to  institute  exact  comparisons 
between  commercial  transformers  as  made  by  different  makers. 
In  the  first  place,  they  take  different  stock  sizes,  and  they  design 
their  instruments  for  different  frequencies.  Hence,  if  we  procure 
stock  sizes  for  experiment,  they  are  not  directly  comparable.    In 
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the  second  place,  if  special  sizes  of  equal  output  are  specially 
made,  the  maker  cannot  generally  do  himself  justice  unless  he  has 
carte  blanche  as  to  price,  and  from  a  commercial  point  of  view 
price  is  everything ;  and,  lastly,  as  such  experiments  cannot  be 
done  all  in  a  minute,  but  generally  take  many  months  to  complete, 
the  experimentalist  finds  himself  often,  when  all  is  said  and  done, 
met  by  the  progressive  manufacturer  with  the  placid  remark, 
"  Yes,  but  the  transformer  you  have  been  testing   is   our  o/d 
"  pattern ;  you  have  not  seen  the  one  we  are  making  now."     One 
of  the  objects  of  this  investigation  was  to  arrive  at  some  definite 
certainty  on  the  best  practical  method  of  quickly  testing  trans- 
formers in  actual  use  and  in  jdtu.      The  particular  methods 
employed  by  Dr.  Hopkinson  and  Professors  Ayrton  and  Sumpner 
involve  the  possession  of  two  transformers  of  equal  size.      These 
methods   are   in  principle   an   extension  to  transformers  of  Dr. 
Hopkinson's  method  of  measuring  the  efficiency  of  dynamos,  and 
they  are  based  upon  the  obviously  right  method  of  measuring 
directly  the  quantity  we  desire  to  know — viz.,  the  power  lost  in 
the  transformer — rather  than  measurinsf  it  as  the  difference  of  two 
very  much  larger  quantities — viz.,  the  power  going  in,  and  the 
power  coming  out.      These   methods,  as  well  as  others  which 
depend  upon  the  graphic  description  of  the  current  and  electro- 
motive force  curves,  have  the  disadvantage  that  it  is  often  im- 
possible to  apply  them,  because  only  one  transformer  is  at  disposal, 
or  because  the  observer  has  not  access  to  the  dynamo,  and  accord- 
ingly the  first  matter  which  engaged  attention  was  an  examina- 
tion of  the  degree  of  accuracy  to  be  reached  by  the  simple  direct 
methods   which   can   be  applied   under  such   conditions  as  can 
generally  be  obtained  in  practice  and  when  using  the  oommerciai 
instruments  to  be  found  or  obtained  in  every  testing  laboratory. 

I. — Methods  of  Measurement  Employed. 

2.  In  order  that  an  opinion  may  be  formed  as  to  the  con- 
fidence to  be  placed  in  the  quantitative  experiments  described,  it 
may  be  well  to  give,  in  the  first  place,  some  details  as  to  the 
methods  adopted  for  measuring  the  potential  differences,  currents, 
&c.,  and  processes  of  calibrating  the  instruments  used.    These 
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iDstruments  were,  then,  employed  in  measuring  the  power  taken 
up  by  transformers  with  open,  or  loaded,  secondary  circuits.  As 
single  transformers  only  of  each  type  were  at  disposal,  we  entered 
on  a  preliminary  investigation  on  the  degree  of  accuracy  to  be 
obtained  when  using  such  methods  as  the  three-voltmeter,  the 
three-ammeter,  and  the  two-circuit  electro-dynamometer  watt- 
meter of  various  constructions. 

In  order  to  avoid  tedious  repetitions,  it .  may  be  observed  once 
for  all  that  when  mention  is  made  of  "the  current,''  or  "the 
"  potential  difference  "  of  such  and  such  an  amount,  the  effective 
value  is  meant,  or  the  square  root  of  the  mean  of  the  squares  of 
the  equidistant  instantaneous  values,  unless  otherwise  stated.  The 
letters  P.D.  are  used  as  an  abbreviation  for  effective  potential 
difference. 

Mr.  Swinburne  placed  at  my  disposal  four  of  his  electrostatic 
torsional  voltmeters,  and  also  two  of  his  dynamometer  watt- 
meters, and  there  were  also  at  hand  a  sufficient  supply  of  Kelvin 
current  balances  and  electrostatic  voltmeters  and  other  appliances 
for  the  calibration  of  the  above  instruments.  Since  these 
Swinburne  electrostatic  voltmeters  proved  useful  in  much  of  the 
work,  it  may  be  advantageous  to  point  out  their  good  and  bad 
points,  and  also  to  say  how  they  were  improved,  calibrated,  and 
used  in  these  experiments.  As  they  have  been  sufficiently 
described  by  their  inventor,  suffice  it  to  say  that  they  consist  of 
two  tiers  of  semi-cylindrical  metal  boxes,  B  (see  Fig.  1),  insulated 
from  each  other.  A  vertical  metallic  axis  carries  two  semicircular 
aluminium  "  needles,"  set  at  different  levels,  so  that  one  is  enclosed 
in  the  upper  pair  of  boxes  and  the  other  in  the  lower.  This 
needle  is  strung  at  the  top  and  bottom  by  a  round  phosphor-bronze 
wire  0*003  or  0*004  inch  diameter,  and  the  top  end  of  the  upper 
wire  is  held  by  a  torsion  head,  T,  the  indicating  needle  of  which 
moves  over  a  graduated  scale.  In  most  of  the  experiments  these 
voltmeters  were  used  as  idiostatic  voltmeters,  and  the  "  needle  '* 
and  one  pair  of  semi-cylinders  formed  one  terminal  of  the 
instrument,  and  the  other  pair  of  semi-cylindrical  boxes  the  other 
terminal.  When  a  definite  potential  difference  is  made  between 
the  two  terminals,  the   needle   is   displaced   from    its    normal 
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position,  and  the  semicircalar  needles  attracted  into  the  semi- 
cylindrical  enclosing  boxes,  which  are  at  a  different  potential. 
The  upper  torsion  head  is  then  turned  until  the  needle  comes 
back  to  its  initial  position.  This  is  accurately  determined  by 
affixing  a  mirror  to  the  axis  of  the  electrometer  needle.  The 
image  of  the  filament  of  an  incandescent  lamp  is  then  thrown  on 
the  mirror  by  a  lens,  and,  after  reflection,  received  on  a  paper  scale 
about  one  metre  away.  By  a  simple  reference  point  on  this  scale 
it  is  easy  to  bring  back  the  line  of  light  accurately  to  its  original 
position.  In  first  working  with  these  instruments  we  were 
greatly  troubled  by  electrical  discharges  passing  across  from  the 
"  needle  "  to  the  cylinders  and  destroying  the  suspending  wire  by 
the  resulting  current.  The  simple  remedy  for  this  was  found  in 
enclosing  each  semicircular  aluminium  disc  of  the  "needle** 
between  two  thin  sheets  of  mica  which  projected  slightly  over  the 
edge  of  the  sheet  of  metal.  The  instrumental  utility  of  the  volt- 
meter was  not  at  all  impaired,  whilst  at  the  same  time  discharges 
between  the  needle  and  enclosing  boxes  were  prevented,  and 
much  labour  thereby  saved.  The  sensitiveness  of  the  voltmeter 
was  such  that  when  used  to  read  an  alternating  potential  of 
2,400  volts,  a  difference  of  3  or  4  volts  was  easily  detected,  and 
with  sufficiently  steady  potential  there  was  no  difficulty  in  taking 
the  reading  of  about  this  number  of  volts  to  one-quarter  per  cent, 
accuracy.  The  great  defect  of  the  instrument  as  it  stands  is  the 
large  moment  of  inertia  of  the  needle,  and  this,  in  the  absence  of 
any  effective  damping  arrangement,  creates  a  great  waste  of  time 
in  getting  readings. 

The  instruments  were  provided  with  an  electro-magnet  in- 
tended to  be  used  for  creating  a  magnetic  damping  field.  This, 
however,  proved  to  be  ineffective.  A  far  better  plan  when  such  a 
heavy  needle  is  employed  is  to  damp  out  the  oscillations  by  a 
suitable  mica  vane  dipping  in  oil  or  water. 

3.  In  calibrating  these  voltmeters,  the  first  step  was  to  prepare 
a  standard  inductionless  resistance  capable  of  carrying,  without 
sensible  heating,  a  current  of  at  least  a  quarter  of  an  ampere,  and 
which  could  be  subjected  to  an  alternating  pressure  of  2,000  to 
3,000  volts  without  risk  of  short-circuiting.     This  was  formed  by 
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winding  double  silk-covered  platinoid  wire  (No.  36  B.W.Gr.)  round  a 
wooden  frame.  The  wire  windings  were  each  kept  separate  by  being 
wound  in  serrations,  or  teeth,  cut  in  the  edge  of  varnished  slate 
slips  fixed  at  the  top  and  bottom  of  the  frame.  The  frames  were 
about  37  inches  long  and  14  inches  wide,  and  the  wire  made  56 
turns  round  the  frame,  each  turn  of  wire  being  separated  by  about 
a  quarter  of  an  inch  from  its  neighbours.  The  length  of  wire  on 
each  frame  was  about  126  yards,  measuring  some  1,600  ohms. 
Six  of  these  frames  were  provided,  giving  us,  therefore,  about 
9,600  ohms  resistance  in  the  form  of  a  wire  perfectly  insulated  in 
every  part  and  between  every  turn.  This  wire  was  capable  of 
carrying  about  one-quarter  of  an  ampere  without  any  very  sensible 
heating,  and  about  three-quarters  of  an  ampere  without  exceeding 
safe  limits.  Every  part  of  the  wire  was  accessible,  and  exposed 
to  the  cooling  action  of  the  air.  The  six  frames  were  fastened 
up  to  the  ceiling  of  the  laboratory  and  arranged  so  that  the 
direction  of  the  wire  windings  was  alternately  right  and  left. 
The  resistance  of  all  these  coils  was  measured  when  at  15^  C. 
and  found  to  be  as  follows  : — 

Coil  1 1,607-2  ohms. 

„     2  ...         1,505-5 

„       o     •••  •••  ■■•  1,0^0-0 

„     4 1,649-0 

,,       O     •••  ...  •••  l,OlU  1 

„     6   ...  '      ...         ...       1,645*7 


Total         ...       9,543-0 

On  coil  1  two  terminals  were  placed,  one  at  a  distance  of 
394*7  ohms  from  the  end,  and  one  at  a  distance  of  1212*5  ohms 
from  the  end.  By  taking  leading  wires  from  these  points  it  was 
possible  to  divide  the  whole  resistance  of  9,543  ohms  into  two 
sections,  having  in  one  case  resistances  in  the  ratio  of  23-175 
to  1,  and  in  the  other  case  a  ratio  of  6*87  to  1.  This  divided 
resistance  was  a  practically  non-inductive  resistance  of  about 
10,000  ohms,  divisible  into  two  sections  in  the  ratio  of  23  to  1  or 
7  to  1.     If  a  measured  alternating  pressure  of  2,400  volts  was 
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applied  to  the  ends  of  this  resistance,  the  wire  ^rame  to  a  steady 
temperature  of  about  20°  C.  to  25°  C.  above  the  atmospheric 
temperature  (15°  C),  as  nearly  as  could  be  judged  by  a  ther- 
mometer. Taking  the  coefficient  of  change  of  resistance  with 
temperature  for  platinoid  as  equal  to  0*021  per  cent,  per  degree, 
it  will  be  found  that  at  40°  C.  the  whole  coil  would  have  a 
resistance  of  9,591  ohms,  and  hence,  if  truly  non-inductive,  the 
current  through  the  coil  would  then  have  a  value  of  i^i  ampere, 
=  0*250  ampere.  The  actual  current,  carefully  measured  by  a 
Kelvin  deciampere  balance,  was  found  to  be  exactly  0*250  anapere, 
thus  showing  that  the  resistance  was,  for  all  practical  purposes, 
non-inductive. 

In  all  subsequent  experiments  it  was  therefore  taken  that 
when  an  alternating  pressure  of  2,400  volts  was  applied  to  this 
resistance,  it  .passed  a  current  of  0*25  ampere  and  absorbed  600 
watts.  This  resistance  will  be  hereafter  called  the  "No.  1** 
resistance  for  reference.  By  the  aid  of  this  divided  resistance  the 
Swinburne  voltmeters  were  easily  calibrated. 

A  24  to  1  transformer,  T  (see  Fig.  2)  was  connected  to  100- 
volt  mains  through  a  rheostat,  fi,  so  as  to  raise  the  pressure  and 
enable  it  to  be  regulated  within  limits.  The  above  standard 
divided  resistance  was  placed  across  the  high-tension  terminals, 
and  a  Kelvin  multicellular  electrostatic  voltmeter,  Th,  and  a 
Swinburne  electrostatic  voltmeter,  S,  connected  respectively  to 
the  small  section  and  to  the  whole  length  of  the  resistance,  as 
shown  in  Fig.  2. 

By  taking  the  readings  of  the  Kelvin  electrostatic  voltmeter 
corresponding  to  various  pressures  and  multiplying  these  readings 
by  24*175  we  obtained  values  for  the  P.D.  at  the  terminals  of  the 
Swinburne  voltmeter,  and  hence  the  true  values  of  the  instru- 
mental readings  of  the  last-named  instrument.  For  each 
Swinburne  voltmeter  a  calibration  curve  was  then  prepared  in 
which  the  horizontal  abscissaa  were  the  torsion-head  readings,  and 
the  corresponding  ordinates  the  true  P.D.  in  volts  at  the  terminals 
of  the  instrument.  This  curve  (see  Fig.  3)  was  found  to  be  a 
very  exact  parabola.  Having  proved  this  to  be  the  case  by  many 
experiments  for  each  of  the  four   Swinburne    voltmeters,  we 
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subsequently  adopted  for  each  voltmeter  an  instrumental  constant, 
the  product  of  which  by  the  square  root  of  the  torsion-head 
reading  gave  the  terminal  P.D.  on  the  instrument.  These 
constants  were  determined  for  each  instrument  frequently,  as 
required. 

In  addition  to  the  above  standard  resistance,  another  set  of  six 
similar  coils  was  provided,  each  coil  of  which  consisted  of  No.  32 
B.W.Gr.  platinoid  wire  wound  on  a  frame  non-inductively.  Each  of 
these  coils  had  a  resistance  of  abqut  500  ohms,  and  each  coil  could 
carry  comfortably,  without  any  very  sensible  heaung,  about  half  an 
ampere.  These  last  six  coils  were  specially  intended  to  be  used 
for  current  measurement,  as  follows: — The  coils  were  arranged 
either  two,  four,  or  all  six  in  parallel,  or  one  or  more  in  series,  and 
the  current  to  be  measured  passed  through  them.  The  P.D.  at 
the  ends  of  the  compound  resistance  was  measured  by  a  Kelvin 
electrostatic  voltmeter.  The  arrangement  was  standardised  as  an 
ampere-meter  by  passing  known  currents  through  the  coils, 
measured  by  a  Kelvin  ampere  balance,  and  then  observing  the 
P.D.  at  the  ends  of  the  compound  resistance.  In  this  way  the 
true  resistance  of  the  coils  grouped  in  various  ways  when  carrying 
currents  was  found,  and  at  any  subsequent  time  the  mere  reading 
of  the  P.D.  at  the  ends  of  the  resistance  gave  the  current  passing 
through  the  coils.  The  reason  for  employing  an  electrostatic 
voltmeter  and  resistance  in  this  way  to  measure  current  was  that 
we  thereby  obtained  an  inspectional  ampere-meter  much  more 
convenient  in  many  experiments  than  an  ampere  balance  or 
dynamometer.  It  will  be  seen,  therefore,  that  all  the  measure- 
ments were  ultimately  referred  to  one  Kelvin  electrostatic 
voltmeter  and  one  Kelvin  ampere  balance.  These  instruments 
were  found  to  agree  with  one  another.  Any  other  instruments, 
such  as  Siemens's  dynamometers  or  an  Ayrton  and  Perry  twisted 
strip  ammeter,  sometimes  used,  were  standardised  and  referred  to 
the  above-mentioned  Kelvin  balance,  which  was  one  specially 
constructed  for  alternating-current  measurement. 

This  last-mentioned  set  of  six  resistance  coils  will  be  hereafter 
spoken  of  as  the  "  No.  2  "  set.  We  frequently  employed  the  No.  1 
and  No.  2  resistances  in  series,  giving  us  a  practically  non-induo- 
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tive  resistance  of  about  12,000  ohms.  The  No.  1  resistance ' 
also  employed  as  an  absorber  of  power.  For  if  the  six  coils,  each 
of  about  1,600  ohms,  were  arranged  three  in  parallel  and  two  in 
series,  we  obtained  an  effective  resistance  of  about  1,100  ohms, 
and  this,  when  placed  across  a  2,400-volt  circuit,  passed  a  total 
current  of  rather  more  than  2  amperes,  and  absorbed  about 
5,000  watts.  We  found  it  very  convenient  to  employ  this  resist- 
ance in  this  manner  as  a  standard  non-inductive  power-absorber 
for  obtaining  the  constant  of  various  forms  of  wattmeter. 
Although  using  tne  No.  1  resistance  in  this  way  to  absorb  nearly 
7  horse-power,  the  current  passing  in  each  single  wire  was  not 
more  than  three-quarters  of  an  ampere,  or  within  the  safe  limits. 

11. — Experiments  with  the  Three-Voltmeter  Method  of 
Measuring  Alternating-Current  Power. 

5.  Having  the  necessary  instruments  all  calibrated  and  com- 
pared, a  series  of  experiments  was  made  with  three  or  four  of  the 
Swinburne  voltmeters,  using  them  in  accordaDce  with  the  well- 
known  method,  for  measuring  the  power  taken  up  in  transformers 
on  open  secondary  circuit. 

Two  5-H.P.  transformers  were  arranged  with  low-tension 
coils  in  parallel  on  a  100-volt  circuit,  and  high-tension  coils 
(2,400  volts)  in  series  (see  Fig.  4).  The  current  through  the  low- 
pressure  coils  could  be  varied  by  a  rheostat,  /,  and  hence  the  P.D. 
at  the  high-tension  terminals  of  the  transformers  given  any 
desired  value  from  4,800  volts  downwards. 

In  the  diagram  (Fig.  4)  T  is  a  transformer  in  which  the 
power  taken  up  is  to  be  measured ;  Ti  and  T,  are  the  5-IU. 
pressure  transformers  just  mentioned.  The  torsion  voltmeters, 
Vj,  Vg,  Vg,  were  arranged  as  shown  ;  Vi  being  across  the  terminals 
of  the  transformer  to  be  measured,  Vj  being  across  a  non- 
inductive  resistance,  Vi,  put  in  series  with  the  primary  coil  of  the 
transformer  T,  and  V,  used  to  measure  the  total  P.D.  between 
the  outside  terminals  of  the  two  pressure-producing  transformers, 
Ti  and  T^.  Since  T|  and  Tj  were  identical  transformers,  it  was 
generally  quite  sufficient  to  measure  the  P.D.  between  the 
terminals  of  one  transformer,  T,  or  Tj,  and  to  take  double  this 
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P.D.  as  the  value  of  V,.  Sometimes  two  voltmeters  were  used, 
one  across  the  terminals  of  each  transformer.  Under  these  cir- 
cumstances, as  is  well  known,  the  power,  W,  taken  up  in  the 
transformer,  T,  under  test  is  given  by  the  formula, 

In  applying  this  method  we  had  several  difficulties  to  over- 
come before  we  could  get  any  satisfactory  results.     In  the  first 
place,  the  transformer  to  be  tested  must   have  the  potential 
difference,    Vj,  between  its  primary  terminals    always  exactly 
maintained  at  the  normal  pressure,  which,  in  all  our  experiments, 
was  2,400  volts.     In  the  second  place,  the  potential  difference 
Vj  must  always  be  made  as  nearly  eqtial  to  V^  as  possible,  in 
order  to  obtain  the  condition  of  greatest  probable  accuracy  of 
measurement — that  is,  to  obtain  the  condition  in  which  given 
small  percentages  of  error  in  the   several   voltmeter  readings 
produce  the  minimum  percentage  error  in  the  calculated  power. 
In  the  third  place,  the  resistance  Vi  must  be  practically  non- 
inductive,  and  must  be  capable  of  being  varied  in  amount  as 
required  to  fulfil  the  condition  of  making  Vg  equal  to  Vj.     We 
met  these  conditions  in  the  following  manner : — In  cases  in  which 
the  transformer  T  was  not  loaded  on  the  secondary  circuit,  and 
in  which,  therefore,  the  current  flowing  through    its    primary 
circuit  was  not  greater  than  could  be  comfortably  carried  by  the 
No.  1  10,000-ohm  standard  resistance,  we  employed  that  resist- 
ance, arranging  two  or  more  coils  in  series.     In  series  with  this 
we  placed  some  or  all   of  the  coils  of  the  second  resistance, 
arranged    in    series   or    in   parallel,  and  we    placed  a  Kelvin 
voltmeter  to  read  che  fall  in  volts  down  one  of  these  last  coils. 
In  other  cases,  when  the  transformer  T  was  loaded  up  on  its 
secondary  circuit,  and  when,  therefore,  a  larger    current  was 
flowing  through  its  primary  circuit,  we  employed  a  series  of  24 
50-C.P*  lOO-volt  incandescence  lamps,  or  several  series  of  lamps 
in  parallel  or  series,  adjusted  as  required  to  obtain  the  requisite 
resistance.    When  these  lamp  resistances  were  used,  the  second 
(No.  2)  set  of  resistance  coils,  arranged  with  2,  4,  or  6  in  parallel, 
as  neoessaiy,  w^re  placed  in  series  with  the  lamps.    By  measuring 
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the  fall  in  volts  down  this  known  wire  resistance  by  a  Kelvin 
electrostatic  voltmeter,  tk,  and  the  fall  in  volts  over  the  lamps 
and  resistance  taken  together  by  means  of  one  of  the  Swinburne 
voltmeters,  V„  we  were  able  to  determine  at  any  instant  the 
value  in  ohms  of  this  non-inductive  resistance  from  the  readings 
of  two  electrostatic  voltmeters  and  the  known  value  of  the  wire 
resistance  across  the  terminals  of  the  Kelvin  voltmeter. 

The  process  of  getting  a  reading  was  this:'  The  resistance 
Tj  was  varied  suitably  until  the  value  of  the  P.D.  Vj  was  as 
nearly  as  possible  equal  to  the  value  of  the  P.D.  V,.  The  feeding 
transformers  Ti  and  Tj  had  a  rheostat  in  their  common  low- 
pressure  circuit,  which  was  then  varied  until  the  P.D.  V^  came  to 
the  value  2,400  volts,  and  it  was  constantly  maintained  at  that 
value.  The  reading  of  the  other  two  voltmeters  was  then  noted, 
as  well  as  that  of  the  Kelvin  voltmeter  Th.  If  we  call  A  the 
ampere  value  of  the  current  flowing  through  the  primary  coil  of 
the  transformer  T,  and  therefore  also  that  through  the  resistance 
Tj,  it  is  obvious  that  the  value  of  r^  is  determined  at  once  from  the 
value  of  the  P.D.  V^  and  the  value  of  the  current  A.  A  is,  of 
course,  known  by  the  previous  calibration  of  the  Kelvin  voltmeter 
and  associated  resistance  as  a  non-inductive  ampere-meter. 
Hence,  if  Vi  is  constantly  maintained  at  the  value  2,400  volts,  we 
see  that  the  power,  W,  taken  up  in  the  transformer  is  given  by  the 
formula, 

W  =  ^^,-  I  V/  -  (2,400)«  -  V,«  J . 

If  it  had  been  possible  to  make  Vj  also  always  exactly  2,400  volts, 
the  formula  would  have  been  still  more  simplified. 

It  will  be  observed  that  we  used  a  row  or  rows  of  24,  or  less, 
50-C.P.  incandescent  lamps  as  our  non-inductive  resistance,  and 
determined  the  actual  resistance  at  any  instant  by  observing  the 
terminal  P.D.  of  the  row  of  lamps,  and  the  current  flowing  through 
them  as  measured  by  the  fall  in  volts  down  a  small  known  non- 
inductive  resistance  placed  in  series  with  them.  We  found  this 
to  be  a  better  method  than  using  any  form  of  ammeter  in  series 
with  the  lamps — firstly,  because  we  were  more  sure  of  not  intro- 
ducing prejudicial  inductance  into  the  Ump  circuit ;  and,  secondly, 
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because  we  found  we  could  obtain  greater  accuracy  in  the 
measurement  of  the  current  than  by  any  other  ammeter  suitable 
for  the  purpose.  The  justification  for  using  such  a  row  of  lamps 
as  a  practically  non-inductive  resistance  is  that  if  an  incandescent 
lamp  is  placed  in  series  with  a  dynamometer  suitable  for  measur- 
ing both  alternating  and  continuous  currents,  and  if  the  terminal 
P.D.  on  the  lamp  is  adjusted,  say,  to  100  volts  as  measured  by  an 
electrostatic  voltmeter,  no  sensible  difference  can  be  found  in  the 
current  as  measured  by  the  dynamometer,  whether  that  current  is 
alternating  or  continuous. 

It  will  be  seen  that  when  the  transformer  under  test  is  loaded 
on  its  secondary  circuit,  in  addition  to  the  ammeter  and  voltmeter 
measurements  necessary  to  estimate  the  secondary  load,  we  have 
four,  and  sometimes  five,  other  voltmeter  measurements  to  make 
simultaneously  in  order  to  get  one  observation  of  the  power 
absorbed  in  the  transformer.  In  dealing  with  the  mere  theory  of 
an  experimental  method,  nothing  is  easier  than  to  say, "  Let  V  be 
■**  a  constant  P.D. ; "  but  in  actual  practice,  and  when  working  off 
the  mains  of  existing  public  electric  supply  companies,  this  ideal 
condition  is  very  difficult  to  realise,  and  the  observers  have  their 
patience  strained  often  almost  up  to  the  safe  working  limits  to 
obtain  any  results  worth  having  at  all.  We  found  that  the 
multiplicity  of  readings  to  take  simultaneously  constituted  a  very 
great  drawback  to  the  utility  of  this  voltmeter  method.  Having 
the  apparatus,  however,  set  up,  and  the  instruments  all  calibrated, 
the  method  was  applied  to  measure  the  power  absorbed  in  a 
Dumber  of  transformers  with  open  secondary  circuits,  and  in  one 
or  two  cases  the  power  taken  up  in  the  transformer  corresponding 
to  various  secondary  loads  was  also  taken. 

6.  The  results  of  some  of  these  observations  are  given  in  the 
fourth  column  of  Table  I.,  in  which  the  determinations  of  the 
power-absorption  of  various  transformers  at  no  load  obtained  by 
different  methods  are  collected.  In  this  table  the  first  colmnn 
gives  the  maximum  output  in  watts  of  the  transformer ;  the  second 
gives  the  "  magnetising  current,"  or  primary  current,  at  no  load ; 
the  third  the  primary  volts,  or  P.D.  at  the  primary  terminals ;  the 
fourth,  fifth,  sixth,  and  seventh  columns   give  various   power 
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determinations ;  the  eighth  gives  the  "  apparent  watts  '*  absorbed 

at  no  load,  or  the  numerical  product  of  magnetising  current  and 

primary  volts ;  and  the  ninth  column  gives  a  number  which  it  is 

convenient  to  call   the  jpower-factor  of  the  transformer  at  no 

load — it  is  the  ratio  of  the  true  to  the  apparent  watts.    If  the 

currents    and  pressures  were    siifiple    sine    functions,  then  the 

power-factor  in  that  case  would  be  the  cosine  of  the  angle  of 

lag  of  primary  current  behind  the  primary  terminal  potential 

difference. 

Table  I. 

Power  absorbed   by  various  Transformers  with  Open  Secondary 

Circuits  at  a  Frequency  of  83  C\J  • 

1  2  8  4o6789_ 


n  IN  WaTTB  AB80RBID  AT 

No  Load. 


Ferranti  (1886  pattern) 

„        (1886  pattern) 

„        (1886  pattern) 

„        (1886  pattern) 

„        (1886  pattern) 

„       (1886  pattern,) 
re-wound)  ) 

„        (1892  pattern) 

„        (1892  pattern) 

„        (1892  pattern) 

„       (1892  pattern,) 
re-wound)  ) 

Swinburne,  "Hedgehog" 


Westinghonse    ... 
Mordey-Bmsh*... 

Thomson-Houston 
Eapp      


1,876 

•18 

2,416 

8,760 

•837 

2,400 

7,500 

•26 

2,435 

11,260 

•34 

2,447 

15,000 

•57 

2,889 

8,760 

•11 

2,400 

7,600 

■076 

2,400 

11,260 

■076 

2,400 

16,000 

•112 

2,4C0 

11,260 

•103 

2,400 

3,000 

•74 

2,400 

6,000 

M94 

2,400 

6,600 

•06 

2,400 

6,000 

•076 

2,400 

760 

•0817 

2,392 

4,600 

•088 

2,400 

4,000 

•146 

2,400 

288 
640 
444 
678 
1,019 


112 

936 
126 
615 


at 


680 


111 
97 


Ik 


649 


233 

188 
148 
228 

228 


611 


432 
808 
600 
816 
1,868 

220      264 


112 

166 

96 


162 


116 
195 


74 

142 

95 


1,775 

2,918 

120 

140|  106|     182 

76 

199 

348 


108     88 


112 


180 
183 
269 

247 


•66 
•68 
•74 
•70 
•75 

88 

77 
81 
85 

92 

•063 

■058 

79 

77 

•81 

54 

61 


*  The  power  determination  by  the  tbree-YoItmeter  method,  via.,  188  watte,  wm  t 
transformer,  Na  1962.    The  power  determination  by  the  dynamometer,  rii.,  140  watte,  it  the 
mean  of  four  values  obtained  on  another  transformer,  Na  1S6B,  one  value  of  whloh  is  alw  Itt 

watts. 


Digitized  by 


Googk 


1892.] 


ALTERNATE-CURRENT  TRANSFORMERS. 


607 


In  criticising  these  results,  it  must  be  borne  in  mind  that 
several  of  the  transformers  were  intended  to    be  used    at    a 
frequency  of  100,  and  not  at  83,  and  that  therefore  comparisons 
between  the  resulting  numbers  are  not  to  be  instituted  without 
regard  to  this  circumstance.     Moreover,     on  different  days  the 
frequency  varied  from  83  to  88,  and  this  appreciably  affects  the 
power  determinations.    As  an  example  of  a  series  of  voltmeter 
tests,  we  give  in  Table  II.  the  details  of  the  observations  on  a 
series  of  transformers  at  no  secondary  load.     In  these  tables  Vj 
is  the  voltmeter  reading  of  the  P.D.   of  the  primary  terminals 
of  the  transformer  under  test;  Vg  is  the  P.D.  between  the  ends 
of  the  non-inductive  resistance,  R ;    V3  is  the  P.D.  between  the 
terminals  of  the  pressure-supplying  transformers;  and  W  is  the 
power  in  watts  being  taken  up  in  the  tested  transformer,  calcu- 
lated by  the  formula  from  the  three-voltmeter  readings.     The 
frequency  employed  in  each  case  is  stated,  and  the  value  of  R, 
the  non-inductive  resistance,   is   also  given  in  each   case.    The 
column  in  Table  I.  headed  "  By  Swinburne  Wattmeter "  records 
the  power  readings  taken  with  the  first  wattmeter  in   a  brass 
case,  sent  with  the  3,000-watt  "  hedgehog  "  transformer.    Quite 
lately  another  wattmeter,  with  an  ebonite  outer  case,  was  sent. 
This  will  be  afterwards  referred  to  as  the  "  second  wattmeter." 

TahU  IT. 


Tests  of  Power  absorbed  on  Open  Secondary  Circuit  by  various 
Transformers,  taken  by  the  Three- Voltmeter  Method. 


(1.)  Weatinghouse  TrcmaformeTj  6,500-watt.  R  =  9,678  ohms ; 
frequency  =  86*7  f\j  ;  magnetising  current  ==  0*049 
amp. ;  power-factor,  0*79 ;  apparent  watts  taken  up  at 
no  load,  118. 


Yoltmeter  Readinffs. 


v.. 


v.. 


v.. 


Power  asborbed  in  Watts 

on 
Op«n  Secondary  Cireaik 


2,403 
2,384 
2,379 
2,384 
2,386 


490 
480 
480 
480 
480 


2,793 
2,777 
2,775 
2,782 
2.786' 


Mean 

=  93-5  watts. 
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(2.)  Mordey    Transformer,    6,000-watt.      R  =  12,620 ;   fre- 
quency =  82*7  r\J ;   magnetising  current,  0*0724  amp. ; 
power-fEictor,  0*72  ;    apparent    watts    taken    up    at  no 
load,  173-7. 

Voltmeter  Beodingg. 

Power  abMirbed  in  Watti 

on 
Open  Secondaty  Ciicnit. 

v.. 

v.. 

v.. 

2,419 

922 

3,151 

128  , 

2,420 

920 

3,142 

125 

2,410 

914 

3,133 

126 

2,406 
2,402 

914 
910 

3,130 
3,122 

126 
125 

Mean 
^=  126  watts. 

2,410 

914 

3,140 

127 

2,406 

914 

3,135 

127  J 

.  (3.)  Ferranti    Transformer,    7,500-watt    (old     form,    1885 
pattern).      B  =  8,000    ohms ;     frequency,    87*2    f\J  ; 
magnetising    current,    0*25    amp.;    power-&ctor,  0*74; 
-     apparent  watts  taken  up  at  no  load,  600. 

YoUmeter  Readioga 

Power  abaoclMd  in  Watti 
on 

v.. 

v.. 

v.- 

2,404 

2,039 

4,134 

447  ^ 

2,439 

2,042 

4,158 

448 

2,416 

2,042 

4,131 

442 

2,445 
2,445 

2,042 
2,039 

4,160 
4,148 

447 
442 

[Mean 
=  444  watts. 

2,450 

2,035 

4,158 

438 

2,455 

2,018 

4,153 

446  J 

Note.— The  1892  pattern  Ferranti  7,500-watt  transformer  onlj  takes  np  138 
watts  on  open  secondary. 
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The  foregoing  extracts  from  the  laboratory  note-book  will  be 
sufficient  to  show  the  nature  of  the  observations  when  typical 
instances  of  closed  magnetic  circuit  transformers  were  under  test. 
All  these  transformers  have  about  the  same  power-factor  at  no 
load.  Several  other  transformers  were  tested  in  the  same  way, 
and  the  mean  results  are  given Mn  the  fourth  column  of  Table  I. 

7.  The  application  of  the  three-voltmeter  method  to  closed 
magnetic  circuit  transformers,  or  transformers  with  large  power- 
factors  at  no  load,  showed  that  it  was  possible  with  care  to  obtain 
very  fiurly  good  power  determinations  agreeing  well  with  one 
another ;  although  the  number  of  instruments  to  be  read  rendered 
it  exceedingly  difficult,  unless  the  pressure  was  absolutely  steady, 
to  get  the  benefit  of  the  full  possible  individual  accuracy  of  each 
instrument.  The  moment,  however,  that  we  turned  attention 
to  transformers  with  small  power-factor,  such,  for  instance,  as  the 
Swinburne  "hedgehog,"  the  difficulty  of  obtaining  very  con- 
sistent results  was  considerably  increased.  The  reason  for  this  is 
fully  explained  in  a  paper  by  Professor  Ayrton  and  Dr.  Sumpner, 
"On  the  Measurement  of  the  Power  given  by  any  Electric 
"  Current  to  any  Circuit "  (Proc.  Roy,  Soc.y  London,  vol.  xlix., 
p.  434,  1891). 

Assuming  currents  and  potentials  to  vary  harmonically, 
they  show  that  if  the  same  percentage  error,  f,  ifi  made  in 
reading  each  voltmeter,  the  percentage  error  in  the  calculated 
power  will  be 


^/ 


2  +  4  ( 1  +  COS  </))' 
Cos*  if) 


times  e,  where  cos  ^  may  be  approximately  taken  to  be  the 
fame  quantity  as  that  which  we  have  above  called  the  poiuer- 
factor.  Hence,  if  «  =  1  and  cos  <f>  =  0*75,  the  multiplier  is  found 
to  be  5 ;  but  if  e  =  1  and  cos  ^  =  0*06,  then  the  multiplier  is  40. 
In  other  words,  a  uniform  error  of  1  per  cent,  in  the  voltmeter 
readings  makes  only  5  per  cent,  error  in  the  power  when  operating 
on  a  closed-circuit  transformer;  but  a  1  per  cent,  voltmeter 
error  means  a  40  per  cent,  error  in  the  power  when  testing  a 
"hedgehog.**  Hence,  unless  the  very  greatest  constancy  in  the 
alternating  pressure  can  be  obtained,  the  three-voltmeter  method 
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will  not  give  good  results  when  applied  to  an  open  ms^etie 
circuit  transformer.  In  order  to  show  the  extent  of  variation  of 
the  power  determinations  from  the  mean  value,  when  applying 
the  three*voltmeter  method  to  a  "  hedgehog  "  transformer  on 
open  secondary  circuit,  the  individual  values  obtained  on  different 
occasions  are  grouped  together  in  Tables  III.  and  IV. 

TahU  III. 


Power  in  Watts  absorbed  by  Swinburne  "  Hedgehog  "  Trans- 
foimer  (3,000-watt)  at  No  Load.     Taken  by  the   three- 
voltnoieter  method.     Frequency  =  82*7  (\} ;  B  =  3,297 
ohms:;  magnetising  current,  0*73  ampere;  power-factor, 
0-088 ;  apparent  watts  taken  up  at  no  load,  1,752. 

Yoltmeter  Beajiings. 

Power  absorbed 
in  Watta. 

Freqnenry  -  82-7  fVj- 

Vi. 

v.. 

v.. 

2,'&79 

2,380 

2,387 

2,381 

2,380 

2,394; 

2,382 

2,380 

2,408 
2,412 
2,415 
2,413 
2,411 
2,423 
2,415 
2,412 

3,540 
3,542 
3,647 
3,546 
3,520 
3,547 
3,542 
3,532 

162 

160      «5 
159      - 
163       I 
138      1 
148      9 
151      S 
150 

>  B= 3,297  ohms. 
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Three-Voltmeter  fieading8  on  "  Hedgehog  "  Transfonner  at  No 
Load. — Second  Set.     Frequency.  =  86*4  fV);  magnetising 
current  =  0*716  ampere. 

Voltmeter  Readings. 

Power  absorbed 
in  Watts. 

R. 

•   v.. 

v.. 

v.. 

2,400 
2,400 
2,400 
2,400 
2,400 
2,400 

1,219 
1,206 
1,200 
1,200 
1,200 
1,200 

2,798 
2,762 
2,723 
2,736 
2,733 
2,736 

171       « 

123     2 

64       « 
85      1 
80      g 
85      % 

1,700  ohms. 
1,682      „ 
1,678      „ 
1,676      „ 
1,676      „ 
1,678      „ 

Third  Set.    Frequency  =  83"2  f\J ;  magnetising  current, 
0-765  ampere. 

Voltmeter  Readings. 

Power  absorbed 
in  Watts. 

R. 

v.- 

v.. 

v.. 

2,400 
2,400 
2,400 
2,400 
2,400 

2,342 
2,372 
2,372 
2,361 
2,354 

3,436 

3,447' 

3,472 

3,441 

3,441 

90       ^ 
80       II 

87     1 

87      1 

3,069  ohms. 
3,080      „ 
3,069      „ 
3,078      „ 
3,069      „ 

In  the  first  set  of  observations  (Table  III«)  B  was  kept 
constant  and  the  values  of  V|  varied  slightly;  in  the  second 
and  third  set  (Table  IV.)  V^  was  kept  absolutely  constant,  and 
R  was  adjusted  to  make  this  the  case.  In  the  third  set  the 
conditions  for  greatest  accuracy  were  best  obtained,  Vi  being 
kept  constant,  and  V,  made  as  nearly  as  possible  equal  to  Vi 
by  varying  R  as  required.     It   will  be    seen  that  these  results 
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were  obtained  at  slightly  dififerent  frequencies,  and  that  hence 
they  are  not,  strictly  speaking,  quite  comparable.  But  as  the 
divergency  of  results  due  to  change  of  frequency  is  quite 
masked  by  other  causes  of  error,  we  need  not  attend  to  it. 
The  mean  value  of  the  power  absorbed  by  the  open-circuit 
"hedgehog"  in  these  experiments  was  respectively  155,  101,. 
and  85  watts  at  no  load.  The  mean  of  the  means  is  114  watts. 
Besides  the  above  experiments,  a  number  of  other  quite  similar' 
ones  were  made  with  the  same  method,  which  gave  results  as 
follows,  viz.:  Ill,  100,  132,  97,  118,  118,  119,  114,  98,  95,  103^ 
and  88  watts.  The  mean  of  all  the  30  determinations  made 
with  the  three-voltmeter  method  is  1 12  watts.  This  is,  therefore, 
the  mean  result  for  the  power  in  watts  absorbed  by  the  3,000-watt 
"  hedgehog  "  transformer  on  open  secondary  circuit  when  worked 
at  a  frequency  between  83  and  88.  The  greatest  value  of  the 
watts  is  17  L,  and  the  least  64;  and  the  greatest  deviation  from 
the  mean  is  49  watts,  or,  roughly,  50  per  cent.  The  transformer 
was  marked  by  the  maker  to  be  worked  at  100  periods  per  second. 
We  used  it  at  83  to  88.  It  appears,  therefore,  that,  owing  to 
the  low  power-factor  of  this  transformer,  it  is  a  bad  subject  for 
the  three-voltmeter  method,  and  that  even  with  the  greatest 
precautions  considerable  deviations  from  the  mean  may  occur 
in  making  a  series  of  power  measurements  in  its  case.  Xever- 
thelet^s,  it  will  be  shown  later  on  that  there  is  reason  to  believe 
that  the  mean  value  so  obtained  of  the  power  absorbed  at  no 
load — viz.,  112  watts — ^is  not  far  wrongj. 

8.  As  regards  the  three-voltmeter  method  itself,  considered  as 
a  practical  method  of  measuring  alternating-current  power,  the 
following  conclusions  were  impressed  upon  us: — 

(1.)  It  is  only  applicable  in  cases  when  a  very  steady  alter- 
nating pressure  can  be  obtained  of  the  requisite 
amount,  and  it  is  therefore  unsuitable  in  general 
for  working  as  a  workshop  method,  or  off  commercial 
alternating  circuits. 
(2.)  Owing  to  the  number  of  instruments  to  read,  it  is  difficult 
to  carry  it  out  as  a  practically  useful  method  without 
the  assistance  of  several  observers. 

Digitized  byVjOOQlC 


1892.1  ALTERNATE-CURRENT  TRANSFORMERS.  61ft 

(3.)  It  is  especially  diflBcult,  if  not  impossible,  to  get  good 
results  with  it  when  applying  it  to  test  transformers 
of  open  magnetic  circuit  type,  taud  having  therefore 
a  small  power-factor. 
(4.)  Unless  all  the  conditions  for  maximum  accuracy  can  be 
secured,  owing  to  the  nature  of  the  formula  for  the 
calculation  of  the  power,  the  results  will  not  be  very 
trustworthy. 
9.  In   applying  the  method  to    measure  the   power  taken 
Bp  in  the  primary  circuit  of  a  transformer  when  the  secondary 
circuit  is  loaded   up,  the    non-inductive  resistance  R  must   be 
capable  of  passing  the   full  primary  current  required,   and  yet 
be   capable   of  being   so  adjusted   that  at   each   stage  of  the 
load  the  fall  of  volts,  Vg,  down  this  resistance  is  approximately 
equal   to   the  pressure,   Vj,  on   the  terminals  of   the   primary 
of   the    transformer   being   tested.      It  is    essential    that    this 
last  condition   shall  hold   good,  or  else  we   do  not  obtain  the 
same  probability  of  accuracy  in  the  calculated  value  of  the  power 
given  to  the  primary  circuit  at  all  loads.     It  was  found,  there- 
fore,  that   the   most    convenient    arrangement    t<o    employ  for 
the  non-inductive  resistance  was  one  or  more  parallel  series  of 
incandescence  lamps.      We  employed  one  series  of  24  50-C.P. 
lOO-volt  lamps,  and  two  series  of  24  16-C.P.  1 00- volt  lamps,  the 
three  series  being  arranged  in  parallel  when  required,  and  any 
required  number  out  of  the  24  lamps  in  each  series  taken.      In 
order  to  measure  the  resistance  at  any  instant  of  this  bank  of 
lamps,  the  second  set  of  six  non-inductive  resistance  coils  was 
ammged  in  series  with  the  lamps,  and  the  drop  in  volts  down  this 
known  resistance  measured  with  the  Kelvin  electrostatic  volt- 
meter.    This  gave  us  the  current  flowing  through  the  lamps,  and 
the   Swinburne   voltmeter    gave   us   the   P.D.   over  lamps   and 
resistance.    Hence,  knowing  the  terminal  P.D.  and  the  current, 
we   have  the  value  of  the  non-inductive  resistance   r^   at  any 
instant  given  by  the  inspection  of  two  voltmeters.   In  making  the 
full  tests  at  all  loads  of  a  transformer  by  this  method,  the  power 
given  out  from  the  transformer  was  taken  up  on  a  bank  of  incandes- 
cent lamps,  and  the  current  and  terminal  volts  measured  by  a 
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Kelvin  balance  and  Kelvin  multicelliilar  electrostatic  voltmeter. 
The  result3  of  a  double  series  of  observations  on  a  Ferranti 
5-U.P.  1885  (old  form)  transformer,  and  those  on  a  Swinburne 
3,000- watt  "hedgehog,"  are  tabulated  in  Tables  V.,  VI,  VII., 
and  VIIL 

In  these  tables  the  first  three  columns  give  the  volts,  current, 
and  watts  output,  W„  of  the  secondary  circuit ;  the  fourth  column 
gives  the  primary  current ;  the  fifth  the  value  of  the  inductionless 
resistance  in  series  with  the  primary;  the  sixth,  seventh,  and 
eighth  colunms  give  the  values  of  the  voltmeter  readings,  Vj,  V^ 
and  V^;  the  column  headed  W^  is  the  calculated  value  of  the 
])ower  given  to  the  primary  circuit ;  the  last  two  columns  give 
the  value  of  Wj  —  W,,  or  the  total  power  in  watts  absorbed  in  the 

W 

transformer,  and  the  ratio  rjrp,  or  the  efficiency,  expressed  as  a 

percentage.  The  values  of  Wj  —  W,  are  the  total  power  in  watts 
dissipated  in  the  transformer,  partly  as  copper  frictional  losses 
(C*  R  losses),  partly  as  iron  losses  (eddy-current  and  hysteresis), 
and  in  any  other  way,  such  as  eddy-currents  in  the  copper  circuits 
by  which  internal  work  is  being  expended. 
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Table  V. — FerraTiti  Transformer  (1885  pattern). 

No.  747.    Power  =  5  H.P.     Secondary  volts  =  100. 
Frequency  used,  81*7  periods  per  second. 
Average  final  temperature  of  transformer,  212®  F. 
Volts  on  primary  circuit  (V,)  =  2,400  (kept  constant). 
Primary  circuit  resistance  =  12*50  ohms  at  212®  F. 
Secondary  circuit  resistance  =  0*0252  ohm  at  212®  F. 
Results  plotted  in  a  curve  in  Fig.  5,  Plate  1. 


BiCOKDAET  ClECUIT. 

Prucart  Circuit. 

1' 

3-an 

VoltoL 

Am- 
peres. 

Watis, 

Am- 
peres 

Re- 

Observed  Volto. 

Watte, 
Wj. 

■istance 

V,. 

v.. 

|V,. 

100-4 

0 

0 

0-336 

7,595 

2,400 

2,552 

2,242 

516 

516 

0 

loor 

0 

0 

0-341 

7,580 

n 

2,585 

2,242 

516 

516 

0 

100  2 

0 

0 

0-836 

7,600 

n 

2,555 

2,242 

504 

504 

0 

100-9 

0 

0 

0-841 

6,190 

n 

2,111 

2,056 

540 

540 

0 

100-8 

0-57 

57 

0-363 

6,129 

ji 

2,225 

2,103 

569 

512 

100 

100-7 

1-57 

158 

0-400 

6,037 

» 

2,415 

2,234 

693 

535 

22-8 

100-7 

2-72 

273 

0-443 

5,988 

»j 

2,653 

2,374 

815 

542 

33-5 

100-5 

8-82 

884 

0-481 

4,625 

}) 

2,225 

2,187 

910 

536 

42-2 

100-4 

4-87 

489 

0-525 

4,637 

n 

2,382 

2,278 

1,020 

531 

48-0 

10O-3 

7-20 

722 

0-587 

3,901 

» 

2,290 

2,266 

1,222 

500 

59-1 

100-3 

8-72 

874 

0-661 

3,821 

n 

2,526 

2,393 

1,409 

535 

62  0 

100-5 

10-58 

1,063 

0-785 

3,^'96 

»» 

1^,276 

2,278 

1,584 

521 

67-2 

100-0 

12-49 

1,249 

0-802 

3,045 

>> 

2,442 

2,385 

1,810 

561 

690 

100-0 

14-28 

1,428 

0-867 

2,651 

j> 

2,299 

2,313 

1,954 

526 

730 

100-0 

1600 

1,600 

0-936 

2,285 

>» 

2,139 

2,238 

2,149 

549 

74-4 

99-9 

17-66 

1,764 

1-010 

2,253 

n 

2,276 

2,313 

2,321 

557 

760 

99-8 

19-80 

1,976 

1094 

1,900 

n 

2,079 

2,207 

2,476 

500 

79-8 

99-5 

22-72 

2,261 

1-215 

1,865 

>» 

2,267 

2,309 

2,790 

529 

81-1 

99-5 

24-82 

2,470 

1-298 

1,851 

n 

2,403 

2,389 

3,050 

580 

81-1 

99-4 

27-64 

2,747 

1-412 

1,502 

n 

2,121 

2,242 

8,284 

537 

83-6 

99-2 

8007 

2,983 

1-516 

1,486 

>> 

2,253 

2,313 

8,554 

571 

840 

K<yTB.^The  colamn  headed  ^  V,  gives  the  values  of  half  the  total  pre«snro 
a^r    ■  the  tenninals  of  the  two  pressure -producing  traosformers. 
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Table  VI.—Ferranti  Transformer  (ISS5  pattern). 
No.  747.    Power  =  5  H.P.     Secondary  volts  =  100. 
Frequency  used,  84*8  periods  per  second. 
Average  final  temperature  of  transformer,  212°  F. 
Volts  on  primary  circuit  (Vj)  =  2,400  (kept  constant). 
Primary  circuit  resistance  =  12-50  ohms  at  212°  F. 
Secondary  circuit  resistance  =  0*0252  ohm  at  212°  F. 


Sbookdaet  Circuit. 

PamART  Circuit. 

g 

u 

14 

Volte. 

Am- 
peres. 

Watte, 
W,. 

Am- 
pena. 

Re- 

ObMrved  Volta. 

Watte, 
W,. 

sis  tanoe 

V,. 

v.. 

*v.. 

100-2 

0 

0 

0-832 

7,612 

2,400 

2,494 

2,221 

516 

516 

0 

100-5 

0 

0 

0828 

7,603 

n 

2,494 

2,221 

609 

609 

0 

100-9 

0 

0 

0-329 

6,209 

>j 

2,043 

2,039 

668 

688 

0 

100-9 

210 

212 

0-408 

6,079 

ij 

2,450 

2,291 

759 

647 

28-0 

100-1 

3-99 

400 

0-474 

4,109 

>> 

1,948 

2,078 

839 

439 

43-0 

100-2 

6-83 

634 

0-554 

3,776 

>> 

2,190 

2,217 

1,205 

671 

52-0 

99-9 

9-80 

979 

0-686 

3,496 

JJ 

2,395 

2,346 

1,503 

624 

66-0 

1000 

12-60 

1,266 

0-795 

2,700 

>> 

2,148 

2,236 

1,786 

621 

71-0 

99-8 

14-70 

1,467 

0-888 

2,680 

n 

2,338 

2,829 

1,989 

622 

74-0 

99-7 

17-44 

1,788 

1-000 

2,258 

» 

2,258 

2,299 

2,288 

646 

76-0 

99-7 

21-26 

2,120 

1-156 

1,879 

>> 

2,168 

2,260 

2,658 

638 

83-0 

99G 

23  07 

2,298 

1-236 

1,870 

»» 

2,806 

2,337 

2,880 

682 

80-0 

99-3 

26-38 

2,620 

1-823 

1,510 

n 

1,996 

2,181 

8,075 

665 

82-0 

991 

26-46 

2,622 

1-368 

1,600 

»J 

2,055 

2,217 

8,226 

604 

81-6 

98-9 

28-00 

2,770 

1-480 

1,498 

>» 

2,140 

2,2:6 

3,344 

674 

880 

990 

29-63 

2,924 

1-493 

1,605 

»» 

2,230 

2,295 

3,434 

610 

85-0 

99-0 

8013 

2,983 

1-617 

1,485 

>» 

2,263 

2,825 

3,630 

647 

82-0 

98-9 

3111 

3,077 

1-659 

1,482 

>i 

2,309 

2,345 

3,680 

608 

83-6 

98-9 

82-06 

3,171 

1-601 

1,472 

i» 

2,361 

2,369 

3,776 

604 

84-0 

990 

33-41 

3,308 

1-659 

1,290 

>» 

2,140 

2,256 

3,958 

646 

88-6 

99-0 

34-36 

3,401 

1-695 

1,269 

>> 

2,181 

2,291 

4,066 

665 

84-0 

98-9 

36-60 

8,511 

1-743 

1,289 

>) 

2,242 

2,322 

4,182 

671 

84-0 

98-8 

86  00 

3,667 

1-763 

1,283 

It 

2,264 

2,329 

4,218 

661 

84-4 

98-8 

86-61 

3,617 

1-796 

1,276 

>» 

2,291 

2,341 

4,276 

658 

84-5 

98-7 

87-09 

3,669 

1-821 

1,268 

» 

2,312 

2,361 

4,414 

746 

84-6 

98-6 

37-68 

3,718 

1-839 

1,272 

t$ 

2,341 

2,369 

4,406 

688 

84-5 

98-6 

38-11 

8,764 

1-861 

1,270 

i> 

2,864 

2,380 

4,463 

699 

84-5 

98-6 

38-57 

3,800 

1-875 

1,274 

>» 

2,389 

2,395 

4,503 

703 

84-5 

98-5 

39  19 

8,860 

1-900 

1,267 

,, 

2,407 

2,406 

4,680 

720 

84-0 
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TaMe.  VIL^Svdribume  ^^  Hedgehog^  Transformer. 

No.  342.    Power  =  3,000  watts.     Secondary  volts  =  100. 
Frequency  used,  83*7  periods  per  second. 
Average  final  temperature  of  transformer,  147°  F. 
Volts  on  primary  circuit  (Vj)  =  2,400  (kept  constant). 
Primary  circuit  resistance  =  24*00  ohms  at  145°  F. 
Secondary  circuit  resistance  =  0*051  ohm  at  145°  F. 


Sboovdakt  OnouiT. 


PRIMART  Circuit. 


VoHb. 


102-0 
102  0 
1020 
102  0 
101-9 
101-9 
101-9 
101-8 
101-6 
101-0 
100-6 
100-2 
100-0 
99-0 
102-0 


Watts 
=W,. 


Am- 
perw. 


Re- 
sistance 


0 

■ 
0 

0 

0 

0 

0 

0 

0 

1-06 

108 

212 

216 

2-71 

276 

4-20 

427 

9*88 

952 

12-66 

1,278 

16-62 

1,670 

19-00 

1,904 

21-68 

2,168 

80-10 

2,980 

0 

0 

0-788 
0-738 
0-738 
0-788 
0-769 
0-768 
0-769 
0-776 
0-882 
0-969 
1-060 
1-161 
1-255 
1-678 
0-766 


8,101 
8,106 
8,105 
8,106 
8,069 
8,069 
3,070 
8,057 
8,979 
2,988 
2,585 
2,220 
1,863 
1,470 
8,078 


Observed  Volts. 


V,. 


2,400 


2,289 
2,293 
2,298 
2,295 
2,314 
2,842 
2,861 
2,870 
2,627 
2,847 
2,714 
2,678 
2,388 
2,820 
2,828 


8,424 
8,429 
3,480 
8,430 
8,642 
8,667 
8,733 
8,808 
4,888 
4,694 
4,658 
4,612 
4,438 
4,580 
8,444 


Watts 
=W». 


118 

118 

119 

118 

232 

816 

422 

510 

1,088 

1,391 

1,657 

1,997 

2,268 

8,189 

114 


3-9" 


118 

118 

119 

118 

124 

100 

146 

83 

81 

118 

87 

98 

90 

209 

114 


c  n  & 


n  & 


0 

0 

0 

0 
46G 
68  4 
65-5 
83-8 
92  0 
91-8 
94-8 
95-5 
96-0 
93-5 
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Table  VIII. — Swinburne  *^ Hedgehog''  Trartsformer. 

No.  342.     Power  =  3,000  watts.     Secondary  volts  =  100. 
Frequency  used,  82*3  periods  per  second. 
Average  final  temperature  of  transformer,  145°  F. 


102-1 

0 

0 

0-760 

3,060 

2,400 

2,326 

1,716 

98 

98 

101-9 

0 

0 

0-759 

3,053 

2,317 

1,711 

95 

95 

1020 

0 

0 

0  759 

8,056 

2,320 

1,716 

103 

103 

102-0 

0-57 

58 

0-760 

3,060 

2,326 

1,736 

144 

86 

101-9 

1-26 

128 

0-761 

8,068 

2,335 

1,762 

197 

69 

101-9 

1-74 

177 

0-769 

3,043 

2,373 

1,805 

269 

92 

102-0 

2-33 

238 

0-777 

3,078 

2,391 

1,830 

818 

75 

101-9 

2-91 

297 

0-784 

3,074 

2,410 

1,862 

875 

78 

101-6 

4-00 

406 

0-799 

3,060 

2,445 

1,912 

472 

66 

101-4 

5-59 

567 

0-834 

3,035 

2,532 

2,021 

687 

120 

101-5 

8-25 

837 

0-857 

2,981 

2,565 

2,119 

951 

114 

101-4 

10-58 

1,073 

0-915 

2,966 

2,714 

2,242 

1,177 

104 

lOl-O 

12-96 

1,309 

0-957 

3,000 

2,871 

2,370 

1,411 

102 

100-8 

15-23 

1,537 

1-043 

2,584 

2,696 

2,323 

1,658 

121 

100-5 

17-09 

1,718 

1098 

2,240 

2,460 

2,280 

1,800 

82 

100-5 

19-29 

1,938 

1-169 

1,899 

2,218 

2,123 

1,988 

— 

100-0 

21-45 

2,145 

1-248 

1,861 

2,323 

2,238 

2,382 

287 

99-8 

28-07 

2,302 

1-804 

1,531 

1,997 

2,073 

2,411 

109 

99-7 

24-74 

2,467 

1-366 

1,519 

2,076 

2,111 

2,558 

91 

99-5 

26-77 

2,664 

1-403 

1,511 

2,121 

2,123 

2,670 

6 

99-5 

26-31 

2,618 

1-423 

1,509 

2,145 

2,152 

2,702 

84 

99-4 

26-83 

2,667 

1-447 

1,506 

2,178 

2,168 

2,724 

57 

99-1 

27-42 

2,718 

1-466 

1,497 

2,19S 

2,183 

2,821 

103 

99-0 

27-86 

2,758 

1-485 

1,498 

2,225 

2,199 

2,881 

128 

99  0 

28-43 

2,815 

1-604 

1,496 

2,250 

2,207 

2,898 

83 

98-9 

28-98 

2,867 

1-528 

1,489 

2,276 

2,226 

2,980 

118 

98-8 

29-40 

2,915 

1-543 

1,484 

2,290 

2,238 

8,040 

121 

98-8 

29-93 

2,957 

1-566 

1,481 

2,320 

2,250 

3,075 

118 

1021 

0 

0 

0-759 

3,080 

2,838 

1,716 

88 

88 

0 

0 

0 
40-0 
65-0 
66-0 
76-0 
790 
86-0 
83-0 
88-0 
910 
930 
93-0 
95-5 
100-0 
90-0 
95-6 
96-5 
99-5 
97-0 
98-0 
960 
96-0 
97-0 
96-0 
96-0 
96-0 
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In  Pig.  5  is  shown  a  curve  representing  the  valaes  of  W|  —  W, 
for  the  Ferranti   5-H.P.  transformer,  taken  from  the  results  in 
Tables  V.  and  VI.     The  secondary  output  gf  the  transformer  in 
watts  is  set  off  on  the  horizontal  linei  and  the  vertical  ordinates 
of  the  upper  curve  are  the  corresponding  values  of  the  "total 
'^  lost  wattsy"  or  total  power  losses  in  the  transformer  at  these 
various  loads.      The  lower  curve  is  the   curve  of  total  copper 
(C  R)  losses,  taking  both  primary  and  secondary  together.     The 
difference  between  the  ordinates  of  the  upper  and  lower  curves 
represents  the  power  lost  in  the  transformer  in  iron  losses  and 
eddy-current  copper  losses,  if  any.     It  is   seen   that  the  upper 
curve  keeps  roughly  parallel  to  the  lower  curve,  and  that  there- 
fore, as  far  as  these  observations  go,  there  is  no  indication  that 
the  core  losses  get  less  as  the  output  increases;   on  the   other 
hand,  they  seem  to   get   slightly  greater.      It  is   much  more 
.  convenient  and  instructive  to  plot  out  in  this  way  a  "  total  loss 
'*  curve "  for  the  transformer  than  to  plot  an  eflSciency  curve,  for 
if  an  accompanying  C?  R  curve  is  drawn,  it  shows  us  at  once 
what  is  the  magnitude  of  the  total  eddy-current  and  hysteresis 
losses   to  be  accounted  for.      The  values  of  Wi  —  W,  for  the 
Swinburne  "  hedgehog  "  given  in  Tables  VII.  and  VIII.  are  found 
when   plotted  to  lie  so  irregularly  that  an  exact  determination, 
of  the  total  loss  curve  by  these  tables  is  impossible.     The  power- 
&ctor  of  the  "  hedgehog,"  even  at  fiill  load,  is  still  small,  and 
we  were  not  satisfied  with  the  general  nature  of  the  results  given 
at  all  loads  by  the  three-voltmeter  method  for  this  transformer. 
In  the  case  of  the  Ferranti  5-H.P.  transformer  (1885  type),  the 
determinations  of  the  power  taken  up  at  no  secondary  load  were 
fiEurly  consistent,  being  as  follows  for  seven  observations:   516, 
516,  504,  540,  538,  509,  516,  all  taken  at  a  primary  pressure  of 
2,400  volts  and  a  frequency  of  82  to  85.    The  mean  of  these 
values  is  520  watts.     At  a  frequency  of  87  and  a  primary  voltage 
rather  above  2,400,  we  found  for  the  same  quantity  the  values 
563,  565,  568,  552,  566,  561  watts,  in  six  different  experiments. 
The  mean  of  all,  corresponding  to  a  frequency  of  about  83,  is 
probably  close  to  540  watts,  as  given  in  Table  I. 
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III. — ^Experiments  with  the  Three-Ammeter  Method  o? 
Measuring  Alternating-Current  Power. 

10.  We  next  directed  our  attention  to  that  modification  of 
the  voltmeter  method  suggested  by  the  writer,  and  which  in- 
volves current  measurements  instead  of  pressure.  Theoretically, 
this  method  requires  three  ammeters,  A|,  A,,  A,,  arranged  in 
connection  with  the  transformer  under  test,  as  shown  in  Fig.  6. 
The  third  ammeter,  A,,  measures  the  current  flowing  through 
an  inductionless  resistance  put  across  between  a  pair  of  high- 
tension  mains  kept  at  the  potential  required  for  the  primary 
circuit  of  the  transformer  to  be  tested.  Two  other  ammeters, 
Aj  and  Ai,  measure  the  current  before  and  behind  the  point  of 
take-ofif  of  this  resistance.  In  putting  this  method  into  practice, 
we  found  it  necessary  in  the  first  place  to  scheme  some  simple 
method  of  regulating  the  P.D.  at  the  terminals  of  the  transformer 
under  test.  This  was  accomplished  as  follows : — A  10-H.P.  trans- 
former had  its  primary,  or  fine-wire,  circuit  inserted  in  series  with 
the  primary  current  of  the  transformer  under  test.  The  secon- 
dary, or  thick-wire,  circuit  of  the  10-H.P.  transformer  Vas  closed 
through  a  variable  resistance  consisting  of  15  to  20  plates  of 
battery  carbon  three  inches  square  and  a  quarter  of  an  inch  in 
thickness,  pressed  together  more  or  less  by  a  screw  clamp.  By 
suitably  compressing  these  plates  we  were  able  to  regulate  with 
great  nicety  the  secondary  current  of  the  10-H.P.  transformer, 
and  hence  to  adjust  the  resultant  impedance  of  the  primary 
circuit  of  the  10-H.P.  transformer.  The  volts  at  the  terminab 
of  the  transformer  under  test  could  then  be  kept  perfectly 
constant,  irrespective  of  slight  variations  due  to  the  dynamo. 
This  adjustment  was  made  by  placing  one  of  the  calibrated 
Swinburne  voltmeters  across  the  terminals  of  the  transformer 
under  test,  and  always  adjusting  the  carbon  rheostat  until  the 
P.D.  of  these  terminals  was  2,400  volts.  As  a  non-inductive 
resistance  we  employed  a  series  of  50-C.P.  incandescent  lamps. 
We  then  found  that,  working  under  these  conditions,  we 
could  dispense  with  the  third  ammeter.  A,,  and  make  one 
measurement  once  for  all  of  the  current  taken  by  this  series 
of  lamps  at  2,400  volts.     We  found  that  this  curr^it  remained 
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constant  over  great  ranges  of  time.  The  experiments  consisted, 
therefore,  in  measuriog  the  primary  current  of  the  transformer 
under  test  by  two  ammeters  in  series,  from  the  junction  point  of 
which  was  led  off  the  constant  current  for  a  series  of  lamps.  The 
P.D.  at  the  ends  of  this  series  of  lamps  was  kept  perfectly  constant 
at  2,400  volts,  as  shown  by  the  voltmeter,  V  (Fig.  6).  We  found 
considerable  difficulty  in  getting  two  suitable  ammeters  for  the 
positions  A^  and  A3  which  would  agree  with  one  another  with  the 
reqnisite  accuracy,  and  finally  we  reduced  the  method  to  the  use 
of  a  single  ammeter,  as  follows : — ^An  ammeter  was  put  in  the 
primary  circuit  of  the  transformer  under  test,  and  the  P.D.  at 
the  terminals  of  this  transformer  was  kept  constant  at  2,400  volts. 
A  series  of  incandescence  lamps  (generally  24  100-voIt  16-C.P. 
lamps)  was  joined  across  the  primary  mains,  and  two  readings  of 
the  ammeter  taken — a  first  when  the  row  of  lamps  was  between 
the  ammeter  and  transformer,  and  a  second  when  the  ammeter 
was  between  the  lamps  and  transformer.  An  independent  de- 
termination was  made  of  the  current  taken  by  the  lamps.  These 
changes  of  position  of  the  ammeter  were  made  by  mercury  cup 
connections,  so  as  to  avoid  at  any  time  actually  breaking  the 
primary  circuit.  As  an  ammeter  we  employed  first  an  Ayrton 
and  Perry  twisted  strip  ammeter,  and  finally  a  ^iemens  dyna- 
mometer of  low  resistance.  It  will  be  easily  seen  that  this  single- 
ammeter  method  possesses  all  the  advantages,  whatever  they  are, 
of  the  three-ammeter  method,  and  is  much  simpler  to  work. 

If  Ai  is  the  reading  of  the  ammeter  when  it  is  between  the 
transformer  and  the  lamps,  and  A,  the  reading  when  the  lamps 
are  between  it  and  the  transformer,  and  A,  is  the  value  of  the 
current  through  the  lamps,  and  V  the  P.D.  at  the  terminals  of 
the  series  of  lamps,  it  is  easy  to  show  that  the  power,  W,  taken  up 
in  the  transformer  is  given  by  the  expression 


W 


-"2A,  {^^'"^^'■"^^   }• 


In  order  to  test  the  method,  we  applied  it  to  measure  the  power 

taken  up  in  the  practically  inductionless  resistance  coil  (No.  I 

standard).    The  resistance  of  this  coil  when  traversed  by  about  a 
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quarter  of  an  ampere  is  9,590  ohms.    The  value  of  the  current 
were  in  this  case  A,  =  0-88,  A,  =  0-24,  A,  =  0-65,  and  V  =  2,400. 

Hence  the  power  taken  up,  as  calculated  from  the  three- 
ammeter  observations,  is  544  watts ;  whilst  the  power  absorbed, 
as  reckoned  from  the  known  value  of  the  resistance  and  current 
going  through  it,  is  552  watts.  Applying  it  to  measure  the 
power  absorbed  in  two  transformers  already  tested  by  the 
voltmeter  ,method — ^viz.,  the  5-H.P.  Ferranti  and  the  6,500-watt 
Westinghouse — when  on  open  secondary  circuit,  the  number 
obtained  by  the  ammeter  method  wais  580  watts  for  the  Ferraoti 
and  97  watts  for  the  Westinghouse.  These  values  are  rather 
higher  than  the  mean  values  obtained  by  the  voltmeter  method, 
viz.,  540  and  93*5  watts,  and,  in  spite  of  its  greater  simplicity,  the 
one-ammeter  method  did  not  give  very  satisfactory  results,  even 
on  closed  magnetic  circuit  transformers.  It  was  next  applied  to 
test  the  Swinburne  3,000-watt  "  hedgehog  "  when  on  open  circuit. 
It  was  found  here  that,  as  in  the  case  of  the  three-voltmeter 
method,  still  greater  difficulty  was  experienced  in  getting 
experimental  results  which  agreed  numerically  well  together. 

It  is  not  worth  while  to  give  all  the  details  of  the  observations 
made  on  the  3,000-watt  "hedgehog"  transformer  by  this  one- 
ammeter  method.     Suffice  it  to  say  that,  using  sometimes  an 
Ayrton  and  Perry  twisted  strip  ammeter  carefully  calibrated,  and 
sometimes  a  Siemens  dynamometer,  both  adapted  for  measuring 
from  0*02  to  4  amperes,  we  obtained  such  figures  as  these  for  the 
power  in  watts  taken  up  at  no  load  in  the  transformer,  viz. :  116, 
116,  183,  153,  100,  164,  176,  110,  124,  200,  113,  71,  79,  79,47, 
108,  87,  75,  103,  88,  100,  80,  88,  in  23  diflferent  determinations. 
€urious  to  say,  the  arithmetic  mean  of  all  these  values  is  11 1, 
•or  almost  exactly  the  same  as  the  mean  value  obtained  from  the 
30   observations  by   the  three-voltmeter  method;   the   greatest 
deviations  from  the   mean   being   about  the  same  percentage. 
The  conclusions  arrived  at  with  respect  to  this  ammeter  method 
is,   that  ordinary   commercial    ammeters  do   not   enable  us  to 
determine  the  currents  with  anything  like  the  accuracy  necessary 
when  we  are  operating  on  open   magnetic  circuit  transformers 
at  no  load.     It  would  certainly  be  necessary  to  be  able  to  read 
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carrents  of  magnitudes  from  0*25  to  5  amperes  to  the  third 
decimal  place,  and  that  is  not  in  general  a  practicable  matter 
by  commercial  instruments.  After  many  further  trials  of  this 
method  on  different  transformers,  we  were  obliged  to  come  to 
the  same  conclusions  with  respect  to  it  as  those  forced  upon  us 
in  regard  to  the  voltmeter  methods — yiz.,  that  it  is  an  unsuitable 
one  for  transformers  of  small  power-factor,  but  that  with  great 
care  and  a  suitable  ammeter  it  may  be  made  to  yield  fairly  good 
results  for  closed  magnetic  circuit  transformers  of  large  power- 
factor.  It  may  be  noted  in  passing  that  in  applying  this 
ammeter  method  in  any  case  the  most  favourable  condition  for 
accuracy  is  when  the  current  through  the  transformer  primary 
is  equal  to  the  current  through  the  non-inductive  shunt.  Hence 
the  shunt  resistance  should  be  decreased  as  the  load  on  the 
secondary  of  the  transformer  is  increased  if  we  desire  to  obtain 
a  uniform  possibility  of  accuracy  in  the  measurements  of  the 
power  supplied. 

The  above  statement  can  be  proved  by  following  a  similar 
line  of  reasoning  to  that  pursued  by,  with  regard  to  the 
three-voltmeter  method,  Prof.  Ayrton  and  Dr.  Sumpner,  in  their 
paper  on  "  The  Measurement  of  the  Power  given  by  any  Electric 
"  Current  to  any  Circuit."*  For  the  expressions  for  the  power 
in  terms  of  the  currents  or  of  the  potential  differences  are 
similar  in  mathematical  form. 

IV. — ^Experiments  with  the  Dynamometer- Wattmeter  Method 
OF  Measuring  Alternating-Cqrrent  Power, 
II.  Dissatisfied  on  the  whole  with  the  practical  results  and 
difficulties  of  the  voltmeter  and  ammeter  methods,  attention  was 
next  turned  to  the  employment  of  the  dynamometer  wattmeter 
as  an  instrument  for  the  measurement  of  the  power  given  to  the 
primary  circuit  of  transformers.  There  is  no  need  to  recapitulate 
well-known'facts  about  the  use  of  such  an  instrument  for  this 
purpose.  It  is  well  understood  that  a  wattmeter  or  dynamometer 
with  independent  series  and  shunt  coils  can  be  used  for  this 
purpose  provided  that  the  shunt  circuit  has  a  practically  zero 

•  See  Proc.  Roy,  Soc.f  London,  rol.  xlix.,  March,  1891,  p.  434. 
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time  const  an  t,  and  the  only  difficulty  which  presents  itself  in 
passing  an  opinion  on  the  suitability  of  any  particular  two-circuit 
dynamometer  for  this  purpose  is  that  of  knowing  whether  the 
shunt  circuit  really  is  practically  so  far  free  from  sensible  induc- 
tance or  capacity  as  to  make  this  the  case, — ^and  this,  as  our 
experiments  show,  must  not  be  taken  for  granted  without 
investigation.  Two  wattmeter  dynamometers  were  provided. 
The  first  consisted  of  a  Siemens  dynamometer  of  the  usual 
pattern  intended  to  be  used  as  an  ammeter  for  currents  from  0*2  to 
4  amperes.  The  fixed  coil  consisted  of  a  few  dozen  or  so  turns  of 
wire,  and  the  movable  coil  of  four  turns.  We  arranged  the 
connections  so  that  it  could  be  used  as  a  wattmeter;  the  fixed 
coil  being  the  series  coil,  and  the  movable  coil  of  four  turns  being 
put  in  series  with  24  100-volt  50-C.P.  incandescent,  or  also  with 
two  rows  of  24  16-C.P.  lamps  arranged  in  parallel,  and  this 
arranged  as  a  shunt  circuit.  Contrary  to  the  usual  practice,  we 
had  then  a  wattmeter  in  which  the  shunt  circuit  carried  the 
larger  current.  This  circuit  was  traversed  by  a  current  of  from 
1*8  to  2*94  amperes  when  placed  across  2,400- volt  mains,  according 
to  the  group  of  lamps  used. 

This  dynamometer  wattmeter  had  then  a  shunt  ciicuit 
consisting  of  the  24  series  of  lamp  filaments  plus  the  four  turns 
of  wire  on  its  movable  coil.  It  had,  therefore,  a  very  small 
inductance.  This  wattmeter  was  calibrated  by  applying  it  to 
measure  the  known  power  taken  up  in  our  standard  resistance. 
The  six  coils  of  our  No.  1  resistance,  each  consisting  of  about 
1,600  ohms,  were  arranged,  two  in  series  and  three  in  parallel, 
across  2,400-volt  mains.  The  current  through  these  resistances 
was  measured  by  a  Kelvin  deciampere  balance,  and  found  to  be 
2*230  amperes;  the  P.D.  between  the  mains  was  measured  by 
the  Swinburne  voltmeter,  and  found  to  be  2,400  volts,  and  k^t  at 
that  value  by  a  regulating  transformer  with  carbon  resistanoe  on 
the  secondary  circuit  (see  Fig.  7) ;  and  from  these  measurements 
the  power  taken  up  in  the  resistance  was  known.  It  was  5,357 
watts.  The  dynamometer  wattmeter  was  then  arranged  so  as  to 
measure  the  known  power  being  absorbed  by  this  resistance^  and 
the  constant  of  the  wattmeter  thus  determined.     A  torsion  of 
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175°  of  the  dynamometer  head  was  found  to  be  required  when 
the  resistance  was  absorbing  the  above  power.  This  constant  was 
frequently  determined.  The  value  was  close  to  30*6  watts  per 
division  of  the  scale.  It  will  be  seen,  therefore,  that  we  were 
employing  a  wattmeter  which,  although  it  absorbed  considerable 
power  in  its  own  shunt  circuit,  had  a  range  of  measurement  from 
12,000  watts  down  to  about  10  or  12  as  a  minimum  visible. 

We  found  it  essential  to  standardise  the  wattmeter  on  the 
largest  power-absorbing  arrangement  possible,  po  as  to  get  the 
greatest  possible  wattmeter  scale  reading  on  a  known  power- 
absorption  in  determining  the  instrumental  constant.  For  if  a 
small  power  reading  was  taken,  then  any  error  in  the  scale  reading 
was  multiplied  up  in  getting  the  watts  corresponding  to  a  larger 
scale  reading  taken  from  a  value  of  the  constant,  and  sensible 
errors  introduced. 

In  addition  to  this  instrument,  Mr.  Swinburne  provided  two 
of  his  own  non-inductive  wattmeters.  In  this  last  instrument 
the  shunt  circuit  consisted  of  a  small  bobbin  of  a  good  many 
(probably  a  hundred  or  more)  turns  of  fine  wire,  having  a 
resistance  of  about  300  ohms.  In  series  with  this  externally,  and 
forming  part  of  the  wattmeter  shunt  circuit,  were  two  doubly 
wound  wire  resistances  in  brass  boxes ;  having  a  total  resists 
ance  of  about  100,000  ohms,  assumed  to  be  practically  non- 
inductive.  Provided  with  these  wattmeters,  we  proceeded  to 
make  a  series  of  tests  on  various  transformers  of  the  power 
absorbed  when  the  transformer  was  doing  secondary  work  of 
various  loads.  The  results  are  embodied  in  the  series  of  tables 
below.  In  each  case  the  Siemens  dj-namometer,  called  hereafter 
the  ^dynamometer  wattmeter,"  was  standardised  on  the  induction- 
less  resistance  when  absorbing  about  7  H.P.,  and  then,  having 
obtained  the  constant,  its  readings  were  taken  when  placed  on 
the  primary  circuit  of  the  transformer.  The  column  headed 
**  Power  taken  up  by  Swinburne  Wattmeter,"  records  the  obser- 
vations made  with  the  first  wattmeter  he  sent  having  an  outer 
case  of  brass. 

In  Table  IX.  are  given  the  figures  of  observation  for  the  5-H.P, 
(188S  type,  old  form)  Ferranti  transformer.     The  transformer  had 
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gradually  increasing  loads  of  lamps  put  upon  its  secondary  circmt, 
and  whilst  the  power,  W„  supplied  to  the  primary  was  measured 
by  the  dynamometer  wattmeter,  that  given  up  by  the  secondary, 
W„  was  measured  by  a  Kelvin  balance  and  electTostatic 
voltmeter  placed  on  the  secondary  circuit.  We  measured  also 
the  primary  current  value  in  amperes  corresponding  to  each 
definite  load  on  the  secondary  circuit.  We  obtained,  therefore, 
for  every  transformer,  the  volts,  or  P,D.  across  both  terminals, 
the  ampere  current,  and  the  watt  output  of  the  secondary 
circuit,  and  at  the  same  time  the  ampere  current  and  power 
absorbed  in  watts  by  the  primary  circuit ;  and  hence  the  diflfer- 
ence  between  Wj  and  W,,  or  the  power  lost  in  the  transformer, 
is  also  known  for  each  secondary  load.  Finally,  also,  the  ratio 
of  W,  to  Wi  in  percentages  can  be  calculated,  and  gires  us  the 
efficiency.  In  all  these  experiments  the  P.D.  on  the  primary 
terminals  was  kept  carefully  constant  at  2,400  volts,  and  the 
constant  of  the  primary  wattmeter  checked  at  the  beginning 
and  end  of  each  series  of  observations. 

A  series  of  tests  of  this  kind  was  made  on  each  one  of  the 
following  11  transformers:  A  Ferranti  5-H  P.  (1885  type),  a 
Ferranti  5-H.P.  (after  having  had  the  primary  and  secondary 
circuits  both  replaced  by  others  of  double  the  length),  two 
15-H.P.  (1892  type)  Ferranti,  a  20-H.P.  (1892  type)  Ferranti, 
a  Westinghouee  6,500-watt  (the  same  transformer  used  by 
Dr.  Hopkinson  in  his  recent  tests),  a  Mordey-Brush  6,000- 
watt,  a  Thomson-Houston  4,500-watt,  a  Kapp  4,000-watt^ 
and  Swinburne  3,000-watt  and  6,000-watt  "  hedgehog  "  trans- 
formers. For  each  transformer  was  determined  the  currents 
and  terminal  potential  differences  corresponding  to  the  various 
stages  of  secondary  load  from  no  load  up  to  the  full  nominal 
output  of  the  transformer,  and  at  the  same  time  the  power, 
Wi,  given  to  the  transformer  primary  circuit,  and  the  power,  W„ 
taken  off  from  the  secondary  circuit.     The  "total  lost  watts," 

W 

Wi  —  Wj,  and  the  efficiency,  cr  ratio,  ^,  corresponding  to  each 

secondary  load,  were  also  calculated.    From  the  known  or  measured 
value  of  the  resistances  of  the  copper  circuits  (taken  when  the 
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transformer  was  warm)   and   the  measured  currents  we   could 
calculate  the  copper  losses  (C*  R  losses)  in  both  circuits,  separately 
and  together,  to  the  nearest  integer,  omitting  fractions  of  a  watt 
in    most  cases;   and  from  the  primary  volts  and  ^current  we 
obtained  the  value  of  the  "  apparent  watts  "  given  to  the  trans- 
former at  each  stage;   and  from  the   "apparent"  and  "true** 
watts  given  to  the  primary  circuit  we  could  deduce  the  power- 
factor  corresponding  to   any   secondary  output.     The  values  of 
the  secondary  terminal  P.D.,  or  volts,  gave  us  also  the   "  total 
"  secondary   drop"  at  each  load,  and  from  the  resistances  and 
currents   could  be  found  the  *^  copper  drop,"  or  volts  lost  by 
resistance.      The  observations  and  calculations  for  each  of  the 
1 1  transformers  tested  are  given  in  full  in  Tables  IX.  to  XXXI., 
inclusive,  which  sufficiently  explain  themselves. 
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Table  IX.—Ferranti  Transformer  (1885  pattern). 
No.  747.     Power,  5  H.P.     Secondary  volts,  100. 
Frequency  used,  81*6  periods  per  second. 
Average  final  temperature  of  transformer  =  212^  F* 
Volts  on  primary  circuit  (Vj)  =  2,400  (kept  constant). 
Primary  circuit  resistance  =  12*50  ohms  at  212*=*  F. 
Secondary  circuit  resistance  =»  0*0252  ohm  at  212®  F. 
Results  plotted  in  a  curve  in  Figs.  8  and  9,  Plates  1  and  2. 
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Table  X.^5-H,P.  (1885  pattern)  Ferranti  Transformer. 

Primary  volts  =  2,400  (kept  constant). 
Secondary  volts  at  no  load  =  100*9. 

Eesults  plotted  in  curves  in  Figs.  10  and  11,  Plate  2. 
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*  These  primary  watts  are  determined  from  a  different  set  of  obserrations  lo 
recorded  In  Table  IX.,  but  substantial! j  agree  with  them. 
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Table  XL — Ferranti  Traneformer  (ISS5  paMerriy  rewound). 

No.  539.     Power,  5  H.P.     Secondary  volts,  100. 
PVequency  used,  81*6  periods  per  second. 
Average  final  temperature  of  transformer,  150°  F. 
Volts  on  primary  circuit  (Vi)  =  2,400  (kept  constant). 
Primary  circuit  resistance  =  29*80  ohms  at  150^  F. 
Secondary  circuit  resistance  =  0*057  ohm  at  150^  F. 

Results  plotted  in  curves  in  Figs.  8  and  12,  Plates  1  and  2. 
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Table  XI L — S-H.P.  (1885  patter n^  re-wound)  Ferranti 
Transformer. 

Primarj  volts  =  2,400  (kept  constant). 
Secondary  volts  at  no  load  =  102*7. 

Results  plotted  in  curves  in  Figs.  13  and  14,  Plate  2. 
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20-3 

43 

1-9 

2,176 

2,112 

108 

0-960 

20-97 

0-874 

27-4 

25-0 

52 

21 

2,880 

2,304 

1-03 

1086 

22-66 

0-940 

82-0 

28-2 

61 

2-8 

2,681 

2,486 

1-02 

1112 

24*60 

1-025 

87-0 

84-6 

72 

2-7 

2,746 

2,669 

1-03 

1192 

26-46 

1102 

42-8 

89-5 

82 

80 

2,946 

2,861 

103 

1-265 

28-86 

1-181 

47-7 

45-5 

93 

3-2 

3,152 

3,026 

1-04 

1-350 

80-40 

1-267 

54-2 

52*6 

107 

3-4 

3,808 

3,240 

1-02 

1-429 

82-06 

1-338 

61-0 

6S9 

120 

3-6 

3,n29 

3,429 

103 

1-504 

88-88 

1-412 

67-5 

65*2 

133 

37 

3,703 

8,609 

1-08 

1-582 

85-78 

1-491 

74-5 

78-0 

148 

8-9 

8,904 

3,797 

1-05 

1-669 

37-58 

1-566 

88-0 

80-3 

104 

41 

4,088 

4,006 

102 

1-741 

39-65 

1-652 

90-0 

89-5 

1^0 

4-3 

4,801 

4,178 

1-08 
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Table  XIIL — Westinghouse  Tranafarmer. 
Power,  6,500  watts.     Secondary  volts,  100. 
Frequency  used,  82*5  periods  per  second. 
Average  final  temperature  of  transformer,  96°  F. 
Volts  on  primary  circuit  (Vi)  =  2,400  (kept  constant). 
Primary  circuit  resistance  =  5*95  ohms  at  96°  F. 
Secondary  circuit  resistance  =  0*0108  ohm  at  96°  F. 
Results  plotted  in  curves  in  Figs.  15  and  16,  Plate  2. 


Sbcokpart  Circuit. 

Primait  Circuit. 

Total  Power  taken 
up  in  Transformer. 

. 

Volta. 

Am- 
peres. 

Watt0, 

Volta. 

Am- 
peres. 

Watts. 

By 

Dynamometer 
Wattmeter, 

Swinburne 
Wattmeter 

t- 

«| 

1010 

0 

0 

2,400 

0-050 

95 

— 

95 

— 

0      1 

100-9 

1-00 

101 

n 

0100 

203 

— 

104 

— 

49-8 

100-8 

1-98 

200 

n 

0-140 

306 

— 

106 

— 

65-4 

100-8 

2-94 

296 

?» 

0180 

401 

— 

105 

— 

73  7 

10)-7 

3-87 

390 

n 

0-218 

493 

— 

103 

— 

791 

100-7 

4-79 

482 

>» 

0-250 

697 

.^ 

116 

— 

80-7 

100-7 

800 

806 

»» 

0  382 

920 

— 

114 

— 

87-6 

100-4 

1015 

1,019 

»» 

0-472 

1,139 

— 

120 

— 

89-5 

100-3 

1307 

1,311 

»> 

0-680 

1,440 

— 

129 

— 

91-1 

1001 

18-00 

1,802 

)) 

0-800 

1,930 

— 

128 

— 

93-4 

100-1 

19-90 

1,992 

?» 

0-880 

2,118 

— 

126 

— 

941 

100-0 

21-93 

2,193 

>> 

0-960 

2,330 

— 

127 

— 

94-1 

100-0 

24-74 

2,474 

>» 

1080 

2,609 

— 

135 

— 

94-8 

1000 

29-GC 

2,966 

n 

1-286 

3,096 

— 

130 

— 

93-8 

09-8 

37-20 

3,713 

»» 

1-610 

3,870 

— 

157 

— 

96-0 

99-6 

42-00 

4,179 

» 

1-810 

4,324 

— 

145 

— 

96-7 

99-8 

46-65 

4,633 

>« 

2-002 

4,792 

— 

150 

— 

96-9 

99-2 

60  40 

6,000 

»» 

2-160 

5,174 

— 

174 

— 

96-7 

99  0 

62-16 

5,164 

n 

2-240 

5,422 

— 

258 

— 

95-8 

98-9 

66-60 

6,499 

>» 

2-383 

5,702 

— 

203 

— 

961 

98-8 

67-68 

6,700 

j» 

2-478 

6,886 

— 

185 

— 

96-9 

98-9 

69-32 

6,867 

>J 

2-560 

6,041 

— 

174 

— 

97-3 

98-7 

61-32 

6,053 

>» 

2-633 

6,271 

— 

218 

— 

96-7 

98-8 

62-16 

6,142 

>» 

2-672 

6,344 

— 

202 

-. 

96-8 

98-7 

63-00 

6,218 

»> 

2-700 

6,426 

— 

208 

— 

96-8 

98-7 

64-00 

6,317 

n 

2-760 

6,622 

— 

205 

— 

96-9 

98-6 

64-74 

6,384 

»» 

2-776 

6,698 

— 

214 
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Table  XIV. — WestiTighouse  Transformer. 

Primary  volts,  2,400  (kept  constant). 
Secondary  volts  at  no  load  =  101 -O. 

Results  plotted  in  curves  in  Figs.  17  and  18,  Plate  3. 


Current 
I.. 


0-050 
0100 
0-140 
0-180 
0-218 
0-250 
0-382 
0-472 
0-580 
0-800 
0-880 
0-960 
1-080 
1-285 
1-610 
1-810 
2-002 
2160 
2*240 
2-383 
2-478 
2-550 
2-633 
2-672 
2-700 
2-750 
2-775 


Secondary- 
Current, 
^1* 


CoppBR  LossB  cr  Watts. 


0 

0 

1-oa 

0*042 

1-98 

0-083 

2  94 

0-122 

3-87 

0161 

4-79 

0-199 

8-00 

0-333 

10-15 

0-423 

18-07 

0-545 

18-00 

0-750 

19-90 

0*830 

21-93 

0-914 

24-74 

1-031 

29-66 

1-238 

37-20 

1-550 

4200 

1-750 

46*65 

1-945 

50-40 

2*100 

52-16 

2-171 

65-60 

2-320 

57-68 

2-404 

59-32 

2-474 

61-32 

2-560 

62  16 

2-594 

63*00 

2*623 

64-00 

2*665 

64-74 

2*:oo 

0 
0 

0-1 

0-2 

0-3 

0-4 

0-9 

1-3 

2-0 

8-8 

4*6 

5-5 

6-9 

9-8 

15-4 

19-5 

23-9 

23*7 

29-8 

33-9 

36-5 

88-J 

41-2 

42-5 

43-3 

45-0 

45  8 


0 
0 
0 

0*1 

0-3 

0-2 

0-7 

1-1 

1*8 

3*5 

4-3 

5-2 

6-6 

9-5 

14*9 

19-0 

23-5 

27-5 

29-5 

33-5 

36-0 

38-1 

40-6 

41-8 

42-9 

44-2 

45-3 


TotoL 


0 

0 

0 

0 

0 

1 

2 

2 

4 

7 

9 

11 

14 

19 

30 

39 

47 

55 

59 

67 

73 

77 

82 

84 

86 

89 

91 


Primary  Watts. 


I 


0 

95 

0-1 

205 

0-2 

306 

0*2 

401 

0-3 

498 

0-3 

597 

0-3 

920 

0-6 

1,189 

0-7 

1,440 

0-9 

1,930 

0-9 

2,118 

10 

2,330 

10 

2,609 

1-0 

3,096 

1-2 

3,870 

1-5 

4,824 

1-7 

4,792 

1-8 

6,174 

20 

5,422 

2-1 

5,702 

2*2 

5,885 

2-1 

6,041 

2-3 

6,271 

22 

6,844 

2-8 

6,426 

2-8 

6,522 

2-4 

6,598 

120 

240 

836 

432 

523 

600 

917 

1,133 

1,892 

1,920 

2,112 

2,304 

2,592 

3,084 

3,864 

4,344 

4,806 

5,184 

5,876 

5,719 

5,947 

6,120 

6,319 

6,413 

6,480 

6,600 

6,660 


Power- 
Factor, 

WT'- 


0-79 
0-85 
0-91 
0-93 
0-94 
0*99 
1*00 
1-00 
1-03 
1-00 
1-00 
101 
1*01 
1-00 
1-00 
0-99 
1-00 
100 
1-01 
1-00 
0-99 
0  99 
0-99 
0-99 
0-99 
0-99 
1-00 
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Table  XV.—Ferranti  Transformer  (1892  pa4iem). 

No.  2,194.     Power,  15  H.P.     Secondary  volta,  100. 

Frequency  used,  81*6  periods  per  second. 

Volts  on  primary  circuit  (Vj)  =  2,400  (kept  constant). 

Primary  circuit  resistance  =  6'45  ohms. 

Secondary  circuit  resistance  =  0*0134  ohm. 

Results  plotted  in  curves  in  Figs.  19  and  20,  Plate  3. 


SaooiTDARY  Circuit. 

Primart  Circott. 

Total  Power  taken 

' 

Watts. 

up  in  Tranaformer. 

l4 

^        5 

Volta. 

Watto, 
W,. 

Volte. 

Am- 
peres. 

By 

Dynamometer 

Wattmeter, 

W,. 

1^ 

.'If 

By 

Swinburne 
Wattmeter. 

100-4 

0 

2,400 

0-076 

149 

117 

149 

117 

0 

100-3 

80 

»? 

0-100 

222 

201 

142 

121 

36-0 

100-8 

269 

)) 

0170 

419 

897 

150 

128 

64-2 

100-2 

484 

)) 

0  270 

637 

617 

153 

183 

75-9 

100-1 

807, 

9) 

0-400 

951 

956 

144 

149 

84-9 

100-0 

1,035 

,, 

0-503 

1,189 

1,196 

164 

161 

87-0 

1000 

1,283 

)) 

0-590 

1,3J1 

1,408 

158 

176 

88-7 

99-9 

1,422 

«) 

0-670 

1,580 

1,612 

158 

190 

90-0 

100-0 

1,619 

fi 

0-745 

1,762 

— 

143 

— 

91-8 

99-8 

2,345 

f) 

1-050 

2,506 

— 

161 

— 

93-5 

99-7 

2,514 

J» 

1120 

2,648 

— 

134 

— 

95-0 

99-7 

2,903 

)) 

1-265 

8,064 

— 

161 

— 

94-9 

99-6 

3,285 

}) 

1-368 

8,461 

— 

176 

— 

94-5 

99-4 

8,936 

»» 

1-695 

4.120 

— 

184 

— 

95-5 

99-3 

4,387 

)) 

1-867 

4,564 

— 

177 

— 

96-0 

90-1 

4,690 

>» 

1-980 

4,878 

— 

188 

— 

96-1 

98-8 

4,936 

f  * 

2-135 

5,265 

— 

229 

— 

98-7 

98  8 

5,700 

*') 

2-466 

6,947 

— 

245 

— 

96-0 

98-8 

6,160 

»» 

2-653 

6,378 

— 

218 

— 

96-6 

98-7 

6,430 

)) 

2-771 

6,680 

— 

250 

— 

96-2 

98-6 

6,858 

)) 

2-960 

7,085 

— 

227 

— 

96-9 

98-2 

7,881 

)) 

8-187 

7,618 

— 

237 

— 

96-9 

98  0 

7,722 

>> 

3-341 

8,040 

— 

818 

^ 

96-1 

98  0 

8,175 

), 

8-521 

8,501 

— 

326 

— 

96-2 

98-0 

8,614 

>j 

3-715 

8,932 

— 

318 

— 

96-5 

97-6 

9,092 

,) 

-» 

9,495 

— 

403 

— 

95-8 

97-6 

9,495 

1, 

— 

9,900 

— 

405 

— 

96-0 

97-6 

9,998 

9) 

— 

10,415 

— 

427 

— 

95-9 

97-4 

10,274 

J' 

— 

10,700 

— 

426 

— 

96-0 

97-2 

10,621 

J? 

— 

11,120 

— 

477 

— 

95-5 

97  0 

10,965 

)) 

— 

11,496 

— 

581 

— 

95'2 

97-0 

11,120 

— 

11,690 

— 

570 

— 

96-4 

1001 

0 

>» 

•^ 

152 

115 

162 

115 

0 
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Table  XVl.—lS-H.P.  (1892  paMern)  Ferranti  Transformer. 

Primary  volts,  2,400  (kept  constant). 
Secondary  volts  at  no  load  =  100  4. 

Eesults  plotted  in  curves  in  Figs.  21  and  22,  Plate  3. 


Prinuuy 
Current, 

SwsoDaATy 
Current, 

k- 

COPPBR  LOUB  IN  W  ATn. 

1^ 

8  c 

PuHABT  Watts. 

Power- 

Faotor, 

W^ 

W/' 

•c  ^ 
0 

"go 

Total 

t 

149 

< 

0076 

0 

0 

0 

0 

0 

188 

0-82 

0100 

0-80 

0-088 

0-1 

0 

0 

0-1 

222 

240 

0-92 

0.170 

2  68 

0112 

02 

01 

0 

0-1 

419 

408 

1-08 

0-270 

4-88 

0-202 

0-5 

08 

1 

0-2 

637 

647 

0-98 

O-40O 

8-06 

0-386 

10 

0-9 

2 

0-3 

951 

960 

0-99 

0-503 

10  36 

0-431 

1-G 

1-4 

3 

04 

1,189 

1,210 

0  99 

0-590 

12-88 

0-515 

2-2 

2-0 

4 

0-4 

1,891 

1,416 

0-98 

0-670 

14-23 

0-594 

2-9 

2-7 

6 

0-5 

1,680 

1,600 

0-99 

0-746 

1619 

0-674 

8-6 

8-5 

7 

0-4 

1,762 

1,788 

0-99 

1-060 

23-50 

0-9S0 

7-1 

7-4 

15 

0-6 

2,506 

2,620 

0-99 

1120 

25-22 

1-051 

8-1 

8-5 

17 

0-7 

2,648 

2,688 

0-99 

1-266 

2912 

1-213 

10-4 

11-4 

22 

0-7 

3,064 

8,036 

I -01 

1-868 

82-98 

1-873 

12-1 

14-5 

27 

08 

3,461 

8,283 

1-06 

1-695 

39-60 

1-650 

18'6 

21-0 

40 

10 

4,120 

4,068 

1-01 

1-867 

44-18 

1-841 

22-5 

26-2 

49 

1-1 

4,564 

4,481 

1-02 

1-980 

47-82 

1-975 

25-3 

30-0 

55 

1-3 

4,878 

4,762 

102 

2185 

49-96 

2081 

29-4 

83-4 

63 

1-6 

5,265 

5,124 

1-03 

2-466 

57-68 

2-404 

393 

44-6 

H 

1-6 

6,947 

5,918 

1-00 

1       2-663 

62-36 

2-600 

45-5 

52-0 

98 

1-6 

6,378 

6,367 

1-00 

2-771 

65-24 

2-721 

49-5 

57-1 

107 

1-7 

6,680 

6,650 

1-00 

2-960 

69-62 

2-901 

56-4 

65-0 

121 

1-9 

7,085 

7,104 

t 

1-00      ; 

8187 

7516 

3-138 

65-6 

75-5 

141 

2-2 

7,618 

7,649 

1-00 

8-841 

78-80 

3-286 

72-0 

83-2 

155 

2-4 

8,040 

8,018 

100 

8521 

83-42 

3478 

800 

93-0 

173 

2-4 

8,501 

8,450 

100 

j      3-715 

87-90 

3-661 

891 

103-5 

193 

2-4 

8,982 

8,916 

IW 

3-900 

92  34 

8-846 

97-0 

1140 

211 

2-6 

9,890 

9,360 

1-00 

4-089 

9700 

4040 

107-8 

12G-0 

231 

2-7 

9,980 

9,813 

1-02 

4-276 

101-50 

4-237 

118-1 

1381 

256 

2-9 

10,300 

10,502 

0-98 

4-488 

10^32 

4440 

1800 

1620 

282 

31 

10,790 

10,759 

1-00 

4-548 

107-67 

4-485 

133-2 

155-5 

289 

8-3 

10,978 

10,915 

1-00 

4-648 

109-98 

4588 

139-2 

102-0 

301 

8-8 

11,210 

11,155 

1-00 

1      4-762 

112-89 

4-708 

14G-4 

1710 

317 

8-4 

11,496 

11,429 

100 

Digitized  by 


Googk 


086 


EXPERIMENTAL  RESEARCHES  ON 


[Not.  24th, 


Table  XVIL — FtrrarUi  Transformer  (1892  pattem,  re-wound). 
No.  2,193.    Power,  15  H.P.     Secondary  volts  =  100. 
Frequency  used,  82*5  periods  per  second. 
Volts  on  primary  circuit  (V,)  =  2,400  (kept  constant). 
Primary  circuit  resistance  =  3*77  ohms. 
Secondary  circuit  resistance  =  0-0092  ohm. 
Results  plotted  in  curves  in  Figs.  19  and  23,  Plate  3. 


Sbcondaat  Circuit. 

Primary  Circuit 

Total  Power  taken 
up  in  Transformer. 

a    .5 

Am- 
perca. 

Watta, 
W,. 

Voltf. 

Am. 
peree. 

Watte. 

:  Volta 

1 

By 

Dynamometer 

Wattmeter, 

W,. 

Jl 

11^" 

'1000 

0 

0 

2,400 

0-103 

2S9 

— 

229 

— 

0 

99-9 

1-20 

120 

0-160 

351 

— 

231 

— 

33^ 

99-9 

2-68 

268 

0-212 

492 

— 

224 

— 

54-5 

99-9 

4-81 

481 

0300 

715 

— 

234 

— 

67S 

999 

806 

805 

0-412 

1,028 

— 

218 

— 

7H 

99-9 

12-25 

1,224 

0-691 

1,466 

*"" 

242 

— 

83-6 

99-8 

1811 

1,807 

0-833 

2,032 

226 

— 

89D 

99-8 

23-45 

2,340 

1-063 

2,564 

— 

224 

— 

91-2 

99-7 

28'01 

2,885 

1-292 

3,186 

— 

251 

— 

921 

99-6 

34*64 

3,450 

1-629 

8,728 

— 

278 

— 

92-5 

99-5 

39-50 

3,931 

" 

1-723 

4,189 

~" 

268 

— 

94-0 

99-3 

4539 

4,507 

1-967 

4,770 

— 

263 

— 

94-5 

99-1 

50-40 

4,995 

)) 

2-181 

6,260 

— 

265 

— 

960 

99  0 

5600 

5,544 

2-408 

6,841 

— 

297 

— 

950 

1000 

— 

— 

— 

214 

— 

214 

— 

— 

98-9 

61-58 

6,090 

2-646 

6,891 

— 

301 

— 

95-S 

98-8 

67-06 

6,626 

2877 

6,957 

331 

— 

95-1 

98-7 

73-76 

7,280 

3156 

7,645 

365 

— 

953 

98G 

80  80 

7,968 

3-447 

8,349 

— 

881 

— 

90-5 

98-6 

8810 

8,678 

3-752 

9,103 

— 

425 

— 

95-4 

98-3 

95-00 

9,338 

4  025 

9,791 

— 

453 

— 

96-4 

98-1 

101-82 

9,989 

4-331 

10,473 

— 

484 

— 

95-5 

98-0 

105-99 

10.387 

4-499 

10,901 

— 

514 

— 

953 

97  9 

108-33 

10,608 

4-618 

11,162 

— 

564 

— 

931 

97-8 

11208 

10,962 

4-762 

11,559 

— 

597 

— 

94-9 

97-8 

113-85 

11,135 

4-837 

11,742 

— 

607 

— 

94-9 

100-0 

0 

_ 

0 

0 

244 

— 

244 

— 

' 

j 
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TaUe  XVIIL—15'H.P.  (1892  pattern,  re-ivound)  Ferrardi 

Transfcrmer. 

Primary  volts,  2,400  (kept  constant). 
Secondary  volts  at  no  load  =  100.0. 

Results  plotted  in  curves  in  Figs.  24  and  25,  Plate  3. 
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ToMe  XIX.—FeTvanti  Transformer  (1892  pattern). 

No.  2184.    Power,  20  H.P.     Secondary  volts  =  100. 
Frequency  used,  82*7  periods  per  second. 
Average  final  temperature  of  transformer,  98  F. 
Volts  on  primary  circuit  (V^)  =  2,400  (kept  constant). 
Primary  circuit  resistance  =  2*75  ohms  at  98°  F. 
Secondary  circuit  resistance  =  0-0061  ohm  at  98°  F. 

Besults  plotted  in  curves  in  Figs.  26  and  27,  Plate  3. 
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ToMe  ZX— 20-if.P.  {IS92  pattern)  FerrarUi  Transformer. 

Primaoy  volts,  2,400  (kept  constant). 
Secondary  volts  at  no  load  =  100-0. 

Results  plotted  in  curves  in  Figs.  28. and  29,  Plate  4. 
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Table  XXL — Mordey  Transformer. 

No.  1868.    Power,  6,000  watts.    Secondary  volts,  50  and  100. 

Frequency  used,  82*9  periods  per  second. 

Volts  on  primary  circuit  (Vj)  =  2,400  (kept  constant). 

Primary  circuit  resistance  =  7*73  ohms. 

Secondary  circuit  resistance  =  0*0163  ohm. 

Results  plotted  in  curves  in  Figs.  30  and  31,  Plate  4. 
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TaUe  XXIL — Mordey  TraTiaformer. 

Primary  volts,  2,400  (kept  constant). 
Secondary  volts  at  no  load  =  101*1. 

Besults  plotted  in  curves  in  Figs.  32  and  33,  Plate  4. 
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Table  XXIII. — Thx^tBon-HouaUm  Transformer. 

No.  46,740.    Power,  4,500  watts.    Secondary  volts,  50  and  100. 
Frequency  used,  82*1  periods  per  second* 
Average  final  temperature  of  transformer,  102°  F. 
Volts  on  primary  circuit  (Vj)  =  2,400  (kept  constant). 
Primary  circuit  resistance  =  19'68  ohms  at  102°  F. 
Secondary  circuit  resistance  =  0*019  ohm  at  102°  F. 

Results  plotted  in  curves  in  Figs.  34  and  35,  Plate  4. 
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»J 

0-420 

1,006 

974 

121 

00 

880 

992 

1006 

1,087 

»» 

0-500 

1,206 

1,183 

119 

96 

90-1 

99-0 

12  80 

1,275 

5» 

0-583 

1,410 

1,383 

135 

108 

90-5    I 

98  7 

15-10 

1,490 

>> 

0-671 

1,623 

1,611 

183 

121 

91-8    1 

98-5 

1800 

1,778 

n 

0-800 

1,90.-. 

— 

132 

— 

98-0   1 

98-6 

20*45 

2,014 

♦  > 

0-900 

2,160 

— 

116 

-^ 

98-2 

.98-3 

23-26 

2,287 

>> 

1016 

2.4  IT 

- 

160 

— 

93  5 : 

98-3 

25-60 

2,607 

>» 

1-112 

2,668 

— 

161 

— 

94-0   j 

98-1 

27-06 

2,665 

»> 

1173 

2,820 

— 

16:, 

— 

94-2   1 

97-9 

29-87 

2,925 

»» 

1-286 

3,C90 

— 

16,"5 

-- 

ml 

97-7 

32-50 

8,175 

>» 

1-894 

3.376 

— 

1:01 

— 

94-2   1 

97-5 

35-33 

8,445 

»? 

1506 

3.680 

— 

185 

— 

94-9   1 

97-8 

38  00 

8,698 

>J 

1-620 

8.921 

— 

223 

— 

94-3    1 

97-1 

39-85 

8,870 

)) 

1-698 

4,070 

— - 

200 

— 

951 

96-8 

41-62 

4,035 

»» 

1-773 

4,242 

— 

207 

— 

95-2    1 

96-7 

43-41 

4,198 

•J 

1860 

4.418 

— 

220 

— 

950   1 

96*6 

45-08 

4,355 

n 

1-928 

4,620 

— 

265 

— 

94-8  ; 

96-6 

46-00 

4,439 

»> 

1-960 

4,6l>5 

— 

256 

— 

94  6 

99*8 

0 

0 

»> 

0 

98 

84 

98 

84 

0 

1 
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Table  XXIV.—ThomsoU'HousUm  Transformer. 

Primary  volts,  2,400  (kept  constant). 
Secondary  volts  at  no  load  =  99'8. 

Results  plotted  in  curves  in  Figs.  36  and  37,  Plate  4. 


COPPKE  L0a8B8  IM 

Watw. 

l| 

Peimaby  Watis. 

Power- 
Factor, 

w, 

PriDMiy 
Cunreoi, 

Secondary 

Current, 

If 

i. 

*i  ^ 

Is 

S  X 

TotiU. 

1 

i 

< 

0K>88 

0 

0 

0 

0 

0 

0 

116 

199 

0-58 

0119 

0-98 

0041 

0-2 

0 

0 

•0 

216 

286 

0-76 

0160 

1-96 

0-081 

04 

0 

0 

0 

320 

860 

0-89 

0186 

2-90 

0120 

0-6 

0-2 

1 

0 

403 

447 

090 

0250 

478 

0197 

1-3 

0-4 

2 

0-1 

597 

600 

100 

0^0 

6-98 

0288 

2-8 

0-9 

3 

0-2 

818 

816 

1-00 

0-420 

8-89 

0-870 

3-5 

1-5 

5 

0-4 

1,006 

1,006 

1-00 

0-600 

10-96 

0-456 

5-2 

2-2 

7 

0-6 

1,206 

1,199 

1-00 

OoSa 

12-88 

0-586 

7-0 

31 

10 

0-8 

1,410 

1,400 

1-00 

0-671 

16-10 

0-629 

9-3 

4-8 

14 

11 

1,G23 

1,608 

101 

osoo 

1800 

C'750 

12-8 

C-1 

19 

1-3 

1,905 

1,920 

0-99 

0-900 

20-45 

0-852 

16-3 

7-9 

24 

1-3 

2,160 

2,160 

1-00 

1016 

28-86 

0-970 

201 

10-2 

30 

1-6 

2,447 

2,438 

100 

1112 

26-50 

1-061 

28-5 

12-3 

86 

1-5 

2,667 

2,669 

100 

1-178 

27-06 

1-120 

260 

18-8 

40 

17 

2,820 

2,815 

1-00 

1-286 

29-87 

1-245 

810 

16-8 

48 

1-9 

3,090 

3,086 

1-00 

1-894 

82-60 

1-852 

86-7 

20-0 

67 

21 

8,376 

3,346 

101 

1-506 

86-88 

1-471 

43-1 

23-6 

67 

2-3 

8,680 

3,614 

1-00 

1-620 

88-00 

1-582 

61-7 

270 

79 

25 

3,921 

3,888 

101 

1698 

89-86 

1-661 

670 

30-0 

87 

2-; 

4,070 

4,075 

100 

1-778 

41-62 

1-786 

62-0 

32-7 

05 

8-0 

4,242 

4,255 

1-00 

1-860 

48-41 

1-809 

68-1 

36-7 

104 

31 

4,418 

4,464 

0-99 

1-928 

46-08 

1-880 

73-7 

88-6 

112 

3-2 

4,620 

4,627 

1-00 

1-960 

46H)0 

1-916 

76-0 

40-0 

116 

3-3 

4,095 

4,704 

1-00 
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TahU  XXV.—Kapp  TraTufarmer. 

No.  570.     Power,  4,000  watts.     Secondary  volts,  100. 
Frequency  used,  82*  1  periodic  per  second. 
Volts  on  primary  circuit  (Vj)  =  2,400  (kept  constant). 
Primary  circuit  resistance  =  11*38  ohms. 
Secondary  circuit  resistance  =  0-024  ohm. 

Results  plotted  in  curves  in  Figs.  38  and  39,  Plate  5. 


Smovdabt  Ciecuit. 

Peimaey  CiacuiT 

Total  Power  taken 
up  in  Tnuufonner. 

Volte. 

Am. 
perea. 

Watte, 
W.. 

Volta. 

Am- 
peres. 

Watts. 

By 
Dynamometer 

1$ 

By 
I^amometer 

11 

99-0 

0 

0 

2,400 

0-146 

162 

112 

152 

112 

0 

99-0 

1-00 

99 

>♦ 

0-160 

265 

212 

166 

113 

87-4 

98-9 

1-95 

193 

>> 

0-200 

838 

801 

146 

108 

571 

98-9 

2-89 

286 

»f 

0-229 

445 

393 

169 

107 

64-8 

93-8 

8-98 

393 

»> 

0-270 

648 

494 

166 

101 

71-7 

98-8 

4-87 

481 

>i 

0-804 

640 

688 

169 

107 

75-2 

98-8 

7-17 

708 

»i 

0-874 

868 

801 

160 

98 

81-6 

98-8 

8-85 

875 

f» 

0-467 

1,029 

982 

154 

107 

85X) 

980 

10-81 

1,060 

>i 

0*619 

1,225 

1,176 

165 

116 

86-6 

987 

12-73 

1,267 

»j 

0-618 

1,426 

1^87 

169 

180 

881 

98-6 

14-G3 

1,443 

tt 

0-675 

1,609 

1,660 

166 

107 

89-7 

98-3 

16-40 

1,621 

>» 

0-743 

1,800 

— 

179 

— 

90-1 

98-2 

18-52 

1,819 

»» 

0-831 

1,988 

— . 

169 

— 

91-5 

98-1 

20-42 

2,003 

91 

0-908 

2,182 

— 

179 

— 

91-8 

980 

22-25 

2,180 

»» 

0-981 

2,358 

— ' 

178 

— 

92-6 

980 

2410 

2,362 

'• 

1052 

2,538 

— 

176 

— 

98*2 

97-9 

25-95 

2,541 

1? 

1-136 

2,745 

— 

204 

— 

92-6 

978 

27-86 

2,725 

n 

1-212 

2,894 

— 

169 

— 

94-3 

97-7 

29-80 

2,912 

ft 

1-288 

3,100 

188 

— 

94^ 

97-7 

81-62 

8,090 

it 

1-360 

8,289 

— 

199 

— 

i     94-0 

97-6 

33-41 

3,268 

ft 

1-442 

3,481 

— 

223 

— 

93-5 

97-4 

35-27 

3,486 

tt 

1-520 

8,658 

— 

322 

— 

93-9 

97-8 

87-09 

8,609 

tt 

1-590 

8,821 

— 

212 

— 

94-5 

97-2 

8914 

3,806 

tt 

1-680 

4,035 

— 

230 

— 

94-4 

97-1 

40-89 

3,971 

tt 

1-750 

4,207 

— 

236 

— 

94-4 
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TaUe  XXVL — Kajyp  Transfcrmefr. 

Primary  volts,  2,400  (kept  constant). 
Secondary  volts  at  no  load  =  99*0. 

Results  plotted  in  curves  in  Figs.  40  and  41,  Plate  5. 


Primary 
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Seoondarj 

Current, 

If 

24 

CornsB  LoesEB  ik  Watts. 

II 

Primabt  Watoj. 

Power- 
Factor, 

•i  ^ 

Total. 

i 

< 

0146 

0 

0 

0 

0 

0 

0 

152 

848 

0-61 

0160 

100 

0042 

0-2 

0 

0 

0 

265 

384 

0-66 

0-200 

1-95 

0-081 

0-8 

0 

0 

0-1 

838 

480 

0-70 

0-229 

2-89 

0-120 

0-5 

0-2 

1 

01 

445 

649 

0-81 

0-270 

8-98 

0-165 

0-8 

0-4 

1 

0-2 

648 

648 

0-85 

0-804 

4-87 

0-208 

1-0 

0-6 

2 

0-2 

640 

729 

0-88 

0-874 

7-17 

0-299 

1-6 

1-8 

3 

0-2 

868 

897 

0-97 

0-467 

8-85 

0-869 

2-5 

1-9 

4 

0-2 

1,029 

1,121 

0-92 

0-519 

10-81 

0-450 

31 

2-8 

6 

1-0 

1,225 

1,246 

0-98 

0-618 

12-78 

0-581 

4-3 

8-9 

8 

0-8 

1,426 

1,483 

0-96 

0-675 

14-63 

0-610 

5-2 

61 

10 

0-4 

1,609 

1,620 

0-99 

0-748 

16-49 

0-687 

6-6 

6-5 

18 

0-7 

1,800 

1,783 

101 

0-881 

18-62 

0-771 

7-9 

8-2 

16 

0-8 

1,988 

1,994 

1-00 

0-908 

20-42 

0-862 

9-4 

100 

19 

0-9 

2,182 

2,179 

1-00 

0-981 

22-25 

0-927 

11-0 

11-9 

23 

1-0 

2,358 

2,864 

lOO 

1-052 

2410 

1001 

12-6 

13-9 

27 

10 

2,638 

2,625 

100 

1186 

26-96 

1-081 

14-6 

16-8 

31 

l-l 

2,746 

2,726 

1-01 

1-212 

27-86 

1161 

16-7 

18-6 

36 

1-2 

2,894 

2,909 

0-99 

1-288 

29-80 

1-241 

190 

21-8 

40 

1-8 

8,100 

8,091 

1-00 

1-860 

81-62 

1-820 

21-0 

240 

45 

1-3 

3,289 

3,264 

l-Ol 

1-442 

83-41 

1-892 

23-6 

20-7 

60 

1-6 

3,481 

3,461 

1-00 

1-620 

86-27 

1-469 

26-3 

30-8 

67 

1-6 

3,658 

3,648 

100 

1-590 

87-09 

1-547 

28-6 

33-1 

62 

1-7 

3,821 

3,816 

100 

1-680 

8914 

1-681 

32-0 

36-8 

69 

1-8 

4,036 

4,032 

1-00 

1-760 

40-89 

1-708 

84-6 

420 

77 

1-9 

4,207 

4,200 

1-00 
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Tahle  XXVII. — SwinburTie  ^^ Hedgehog''  Transformer. 

No.  342.    Power,  3,000  watts.     Secondary  volts,  100. 
Frequency  used,  81*1  periods  per  second. 
Average  final  temperature  of  transformer,  145°  F. 
Volts  on  primary  circuit  (Vj)  =s  2,400  (kept  constant). 
Primary  circuit  resistance  =  24*00  ohms  at  145°  F. 
Secondary  circuit  resistance  =  0-051  ohm  at  145°  F. 
Results  plotted  in  curves  in  Figs.  42  and  43,  Plate  5. 


SaOOSTDART  CiRCLIT. 

Pkimart  CiacDir. 

Total  Power  taken 
up  in  Tranof  onuer. 

1 

Volte. 

Am- 
peree. 

Watte, 
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Am-' 
peree. 
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By 

Dynamometei 

Wattmeter, 

By 

Swinburne 
Wattmeter. 

0  *" 

101-8 

0 

0 

2,400 

0-756 

121 

65 

121 

56 

0 

101-7 

1-00 

102 

}> 

0-761 

218 

167 

HI 

66 

47-9 

101-6 

2-97 

801 

1» 

0-786 

414 

857 

118 

66 

72-7 

301-8 

4-84 

490 

»> 

0-811 

608 

646 

118 

66 

80-6 

101-8 

6-00 

607        „ 

0-829 

780 
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67 

88-1 

101-2 

8-00 

810        „ 

0  862 

948 

869 
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69 
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10-20 

1,030 1      „ 
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62 

88^ 
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0-960 
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1,275 
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64 

89-0 
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14-00 

M08|      „ 

1-013 

1,551 

1,477 
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69 

90-8 

100-3 

15-87 

1,692;      „ 

1-066 

1,750 

— 
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— 

91-1 

100-0 

17-89 

1,78:» !     „ 

1-138 

1,951 

— 

16-> 

— 

91-7 

100-0 

19  80 

1,980  \      „ 

1-197 

2,129 

— 

149 

— 

98-0 

99-9 

21-82 

2,180 ;      „ 

1-260 

2,344 

— 
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— 

98-0 

99-7 

28-66 

2,85U        „ 

1-821 

2,525 

— 
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— 

93-3 

99-6 

25-4G 

2,33»        „ 

1-397 

2,782 

— 
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— 

92-8 

99-8 

26-46 

2,C28  ,      „ 

1-420 

2,823 

— 
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— 

98-2 

99-1 

27-42 

2,718        „ 

1-465 

2,914 

— 

190 

— 

98-4 

99  0 

28-28 

2,800        „ 

1-500 

2,988 

— 

188 

— 

98-7 

98-9 

29-26 

2,fc9(i,      „ 

1-532 

8,103 

— 
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— 

93-8 

99-0 
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2,990       „ 

1-566 

8,185 
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— 

94-0 
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0      i      „ 
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1-^1 

55 

121 

66 

0 
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TaUe,  XXVIII.—Swiiib^xme  ''Hedgehog''  Transformer. 

No.  342.    Power,  3,000  watts.     Secondary  volts,  100- 
Frequency  used,  82*3  periods  per  second. 
Average  final  temperature  of  transformer,  145°  F. 
Volts  on  primary  circuit  (Vi)  =  2,400  (kept  constant). 
Primary  circuit  resistance  =  24^00  ohms  at  145°  F. 
Secondary  circuit  resistance  ==  0*051  ohm  at  145°  F. 

Besults  plotted  in  curves  in  Figs.  42  and  43,  Plate  5. 


BlOOSDABT  CiBcirrr. 

Primary  Circuit. 

Total  Power  taken 
up  in  Transformer. 

Efficiency, 
in  per  cents. 
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Am.  • 
Vetm. 

WattB, 
W^ 

Volte. 

Am- 
peree. 

0-766 

Watts. 

By 

Wattmeter, 
W,. 

Swinburne 
Wattmeter. 

1                        1 

101-9       0 

0 

2,400 

121 

55 

121 

55 

0 

i  101-8 

1-02 

104 

»» 

0-761 

228 

159 

124 

55 

45-6 

:  101-7 

2-98 

303 

»» 

0-786 

420 

369 

117 

56 

721 

101-5 

4-84 

491 

?» 

0-811 

621 

547 

130 

66 

791 

101-8 

6-00 

608 

)} 

0-829 

730 

665 

122 

57 

83-3 

1011 

8-00 

809 

j» 

0-862 

943 

b^S 

184 

59 

85-8 

100-9 

10-00 

1,009 

»» 

0-911 

1,152 

1,070 

143 

61 

87-5 

100-7 

12-00 

1,208 

?i 

0-960 

1,853 

1,272 

145 

64 

89-3 

100-6 

14-  0 

1,408 

»» 

1-013 

1,638 

1.477 

180 

69 

91-6 

100-4 

16-88 

1,694 

91 

1-066 

1,746 

— 
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_ 

91-4 

100-2 

17-89 

1,792 

ti 
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1,982 

_ 
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— 

92-8 

100-0 
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1,980 

V 

1197 
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— 

980 
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2163 

2,169 

n 

1-260 

2,320 

— 
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— 

93-0 

99-5 

28-58 

2,341 

•? 

1-321 

2,610 

— 

160 

93-4 

99-2 

25-16 

2,526 

>» 

1-395 

2,706 

— 

180 

_^ 

93-3 

99-0 

26-38 

2,612 

»» 

1-426 

2,829 

— 

217 

— 

92-4 

98-9 

27-28 

2,698 

ft 

1-460 

2,ft90 

— 
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— 

93-3 

98-9 

28-21 

2,790 

>» 

1-498 

2,993 

— 
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— 

98-2 

98-7 

29-19 

2,881 

fj 

1-529 

3,042 

— 
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— 

94-7 

98-6 

30-38 

2,991 

jj 

1-567 

3,168 

— 

172 

— 

94-5 
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0 

j 

0 
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65 
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0 
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Table  XXIX.Swinbume  «  Hedgdiog  **  Tranafcrmer. 

Primary  volts,  2,400  (kept  constant). 
Secondary  volts  at  no  load  =  102*00. 

Results  plotted  in  curves  in  Figs.  44  and  45. 
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0-1 

14 

01 
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0-5 

15 

0-2 
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1,886 
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4-84 

0-202 

15-8 

1-2 

17 

0-4 
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1,948 

0^2 

0-829 
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0-250 

16-5 

1-8 

18 

•  0-6 
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0-37 

0-862 

8-00 

0-333 

17-8 

3-3 

21 

0-8 

948 
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0-46 

0-911 

10-00 

0-417 

19-9 

51 

25 

1-0 

1,162 

2,188 

0-53 

0-960 
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0-500 

22-6 

7-8 

80 

1-2 

1,863 

2,301 

0-59 

1-013 
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0-584 
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35 
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1,588 
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0-608 

27-2 

12-9 
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0-68 

1133 

17-89 

0-746 

«0-9 

16-3 

47 

1-7 

1,932 

2,720 

0-71 

1197 

19-80 

0-825 

34-5 

20-0 

66 

1-9 

2,129 

2,878 

0-74 

1-260 

21-63 

0-902 

38-2 

24-0 

62 

21 

2,320 

3,022 

0-77 

1-321 

23-58 

0-983 

42-0 

28-3 

70 

2-4 

2,510 

8,172 

0-79 

1-395 

26-46 

1-060 

46-6 

331 

80 

2-7 

2,706 

8,860 

0-81 

1-426 

26-88 

1-098 

48-9 

36-4 

84 

2-9 

2,829 

8,422 

0-68 

1-460 

27-28 

1-136 

61-2 

380 

89 

3-0 

2,890 

3,601 

0-88 

1-498 

28-21 

1-175 

64-0 

40-8 

96 

3-0 

2,998 

3,596 

0-88 

1-529 

2919 

1-215 

561 

48-5 

100 

3-2 

8,042 

3,666 

0-83 

1-667 

80-38 

1-262 

59-0 

46-9 

106 

8-3 

3,163 

8,761 

0-84 
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Table  XXX. — Swinburne  ^^ Hedgehog''  Tran8f(yrmei\ 

No.  601.     Power,  6,000  watts.     Secondary  volts,  100. 
Frequency  used,  83  periods  per  second. 
Volts  on  primary  circuit  (V^  =  2,400  (kept  constant). 
Primary  circuit  resistance  =  7*93  ohms  (measured  hot). 
Secondary  circuit  resistance  =  0*01512  ohm  (measured  hot). 
Results  plotted  in  curves  in  Figs.  47  and  48,  Plate  6. 


Sbcondart  CiKcurr. 

- 

Primary  Circuit 

Total  Power  taken 
up  in  Tnuisformer. 

1 

V(dt& 

Am- 

Watts, 
W.. 

Am- 
pere. 

Watts. 

Volts. 
2,400 

Dynamometer 

Wattmeter, 

W.. 

By 

Nw 
Swinburne 
Wattmeter. 

By 

Dynamometer 

Wattmeter, 

w»  -  w,. 

By 

New 
Swinburne 
Wattmeter. 

102-0 

0 

0 

1-194 

151 

• 
142 

151 

142 

0 

102-0 

102 

104 

1-199 

272 

243 

168 

139 

38-2 

1020 

306 

312 

1-214 

469 

451 

157 

139 

66-5 

1020 

5-19 

529 

1-217 

696 

659 

167 

130 

76-0 

101-9 

800 

816 

1-281 

984 

961 

169 

146 

82-9      1 

101-8 

1208 

1,229 

1-342 

1,401 

1,356 

172 

127 

87-7 

101-7 

1608 

1,639 

1-44^ 

1,804 

1,740 

174 

110 

90-3 

101-5 

2000 

2,030 

1-549 

2,182 

2,200 

152 

170 

930 

101-4 

28-87 

2,420 

1-661 

2,583 

2,580 

168 

160 

93-7 

101-2 

26-08 

2,639 

1-721 

.    2,784 

2,806 

146 

167 

94-7 

1010 

29-73 

8,003 

1-855 

8,178 

3,198 

175 

195 

94-7 

100-8 

34-85 

3,462 

2030 

8,632 

— 

170 

— 

95-4 

100-5 

89-29 

3,948 

2-218 

4,101 

— 

163 



96-3 

1001 

43-86 

4,390 

2-892 

4,571 

— 

161 

— 

96-0 

99-9 

48-58 

4,853 

2-577 

5,033 

— 

180 



96-5 

99-7 

61-38 

5,123 

2-692 

5,297 

— 

174 



96-9 

99-5 

68-96 

5,370 

2-800 

5,584 

— 

214 



961 

99-2 

67-68 

5,728 

2-953 

5,947 

— 

224 



96-4 

990 

60-26 

6,966 

3-059 

6,225 

— 

259 



95-9 

1021 

0 

0 

— 

160 

142 

160 

142 

0 

♦  The  obBeryations  in  thU  colunm,  headed  "  By  New  Swinburne  Wattmeter,'' 
were  taken  with  the  second  wattmeter.     See  Section  17. 
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TaUe  XXXL—Swivlmme  ''Hedgehog''  Transformer. 

Primary  volts,  2,400  (kept  constant). 
Secondary  volts  at  no  load  =  102*0. 

Eesults  plotted  in  curves  in  Figs.  49  and  50,  Plate  6. 


Primaiy 
^Current, 

Seoondary 

Current, 

If 

24 

CtoPPBR  LowM  IN  Watts. 

1  Total  Secondary 
.Drop  in  Volta. 

Primakt  Watis. 

• 
Pwer.  . 

^o4 
0  X 

Total 

i 

< 

1 

1194 

0 

0 

11-8 

0 

n 

0 

151 

2S,ooo 

0-053  ; 

1-199 

1-02 

0045 

11-4 

0 

11 

0 

272 

2,878 

O-096 

1-214 

306 

0-127 

11-6 

01 

12 

0 

469 

2,914 

0-161 

1-217 

519 

0-216 

11-7 

0-4 

12 

^ 

696 

2,921 

0-238  1 

1-281 

8-00 

0-333 

180 

1-0 

14 

01 

984 

3,074 

0-320 

1-342 

12-08 

0-603 

14-3 

2-2 

17 

0-2 

1,401 

3,221 

0-435 

1-442 

1608 

0-670 

16-6 

89 

21 

0-8 

1,804 

3,461 

0-521 

1-649 

2000 

0-833 

190 

6-1 

25 

0-5 

2,182 

8,718 

0-588 

1-661 

28-87 

0-995 

21-9 

8-6 

30 

0-6 

2,583 

3,986 

0-65 

1-721 

26-08 

1-088 

23-6 

10-3 

34 

0-8 

2,784 

4,180 

0;67 

1-855 

29-73 

1-239 

27-3 

13-3 

41 

1-0 

3,178 

4,452 

0-71 

2-080 

84*35 

1-431 

32-8 

17-8 

?1 

1-2 

3,632 

4.872 

0-75 

2-218 

39-29 

1-639 

89-0 

28-3 

62 

1-5 

4,101 

6,323 

0-77 

2-392 

43-86 

1-827 

45-4 

29-0 

74 

1-9 

4,571 

5,741 

0-80 

2-577 

48-58 

2-026 

62:7 

35-7 

88 

2-1 

5,033 

6,185 

0-81 

2-692 

51-38 

2-141 

57-2 

39-8 

97 

2-3 

5,297 

6,461 

0-82 

2-800 

53-96 

2-248 

62-2 

44-0 

106 

2-6 

5,684 

6,720 

0-83 

2-968 

57-68 

2-403 

69-1 

50-2 

119 

2-8 

5,947 

7,087 

0-84 

3059 

60-26 

2-515 

74-0 

55-0 

129 

80 

6,226 

7,242 

0-86 

t 
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12.  The  results  of  these  numeroas  observations  are'  set  oat 
graphically,  and  thus  represented  to  the .  eye,  in  a  series  of 
diagrams,  'shown  in  Figs.  8  to  45  inclusive.  For  each  trans- 
former four  diagrams  have  been  prepared. 

The  first  shows  the  "  total  lost  watts "  curve,  or  W,  —  W^ 
plotted  as  a  curve  in  terms  of  the  corresponding  secondary  output 
W3 ;  and  on  the  same  diagram  is  given  a  curve  showing  the  total 
copper  losses  (C?  B)  in  the  transformer  in  both  circuits  together. 
Hence  the  diflference  of  the  ordinates  of  these  two  curves  gives 
the  value  of  the  losses  other  than  those  due  to  ohmic  resistance 
in  the  transformer.  The  second  diagram  shows  the  value  of  the 
two  currents,  primary  and  secondary,  plotted  in  terms  of  the 
secondary  output.  Since  all  the  closed  magnetic  circuit  trans- 
formers tested  had  a  transformation  ratio  and  windings  in  the  ratio 
of  24  to  1,  the  primary  current  and  l-24th  part  of  the  secondary 
current  are  plotted  together  on  the  same  scale.  The  third 
diagram  gives  the  efficiency  curve.  The  efficiencies  in  per  cents., 
corresponding  to  definite  fractions  of  the  full  secondary  output^ 
are  calculated  from  the  "total  loss  "curve  and  then  graphically 
represented  in  diagrams,  which  are  all  drawn  to  the  same  scale. 
Hence  they  are  all  comparable,  and  we  can  see  at  a  glance  the 
percentage  efficiency  corresponding  to  loads  of  one-tenth,  two- 
tenths,  &c.,  of  the  full  secondary  load.  The  fourth  curve  is  the 
*^  secondary  drop  "  curve,  and  gives  the  "  total  observed  drop,"  the 
**drop"  due  to  secondary  and  to  primary  resistance,  and  the 
surplus  or  "  leakage  drop,"  due  to  leakage  of  induction,  all  plotted 
in  terms  of  the  secondary  output.  The  efficiency  values  are 
tabulated  in  Table  XXXII.  for  the  different  fractions  of  full  load 
for  all  the  transformers. 

13.  It  is  desirable  to  make  one  or  two  remarks  about  each 
transformer,  and  draw  some  general  conclusions. 

Ferranti  Transformery  1885  type,  5  H.P.    (Tables  IX.  and  X. 
Figs.  8,  9,  10,  11.) 

It  is  obvious  that  this  transformer  is,  in  comparison  with 
modem  ones  of  the  same  size,  very  wasteful  of  energy  in  trans- 
formation.    But  we  must  bear  in  mind  that  in  1885  little  or  none 
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of  our  present  knowledge  about  iron  core  energy  losses  existed, 
and  it  is  not'  to  be  wondered  at  that  its  design  is  imperfect, 
according  to  modem  views.  The  immense  core  loss  of  549  watts 
(540  by  three-voltmeter  method)  makes  it  possess  a  low  efficiency 
at  all  loads  and  gives  it  a  flat  efficiency  curve.  Its  small  copper 
losses,  however,  make  it  remarkably  good  in  regulation,  it  having 
only  2*4  per  cent,  of  total  secondary  drop.  It  is  hardly  necessary 
to  say  that  Mr.  Ferranti's  present  type  of  transformer  is  a  vast 
improvement  on  these,  and  holds  its  own  with  the  best  now  made. 

Ferranti  Transformer,  1885  (re-wound).    (Tables  XI.  and  XII. 
Figs.  8,  12,  13,  and  14.) 

The  efiPect  of  doubling  the  length  of  both  the  primary  and 
secondary  circuit  is  shown  in  the  curves  of  this  transformer.  The 
total  internal  losses  are  halved,  but  the  copper  losses  and 
"  secondary  drop  "  about  doubled. 

Ferranti  TransformerSj  1892  type,  15  and  20  H.P.  (Tables  XV., 
XVI.,  XVII.,  XVIII.,  XIX.,  XX.  Figs.  19,  20,  21,  22,  23, 
24,  25,  26,  27,  28,  29.) 

These  new  transformers  of  Mr.  Ferranti's  are  exceedingly  good 
transformers.  The  total  loss  on  open  circuit  of  the  20-H.P.  i& 
only  1-3  per  cent,  of  the  full  secondary  output.  The  maximum 
efficiency  is  97*1  per  cent.,  and  the  efficiency  at  one-tenth  of  full 
load  is  85  per  cent.,  whilst  the  total  secondary  drop  is  only  2*1 
per  cent. 

Two  sets  of  curves  are  given  for  the  transformer  of  15-H.P* 
size.  In  two  transformers  tested  there  was  a  diCFerence  in  the 
winding  which  resulted  in  the  total  internal  loss  being  greater  in 
one  than  in  the  other.  In  the  transformer  having  the  greatest 
total  loss  the  copper  losses  (C'B)  are  least,  and  the  "secondary 
"  drop  "  diminished,  therefore,  about  1  per  cent.  The  efficiency 
curve  of  all  these  transformerer  is  very  square-shouldered,  owing 
to  the  high  efficiency  (about  85  to  87  per  cent.)  at  one-tenth  of 
the  fall  secondary  load. 

VOL.  XXI.  45 
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WeeiinghouBe  Transformer^  6,500-4c»att.  (Tables  XIII.  and  XIV. 
Figs.  15,  16,  17,  and  18.) 
This  transformer  was  one  of  the  pair  tested  by  Dr.  J.  Hopkin- 
son  by  his  elegant  differential  method.  His  results  are  recorded 
in  the  Electrician  of  June  24  and  July  1,  1892.  Employing  a 
method  depending  upon  the  graphic  description  of  the  instan- 
taneous curves  of  current  and  electro-motive  force,  Dr.  Hopkinson 
deduced  the  power  lost  in  the  transformer  at  no  load,  quarter, 
half,  and  full  load.  Hence  the  corresponding  efficiencies.  The 
same  quantities  were  given  me  independently  as  determined  by 
the  manufacturers  from  tests  made  at  Pittsburgh.  These  are 
here  collected  with  my  own  results  for  comparison.  Dr.  Hopkin- 
son's  results  are  placed  in  the  column  marked  H,  those  of  the 
manufacturers  in  column  P,  and  my  own  in  column  F;  and  it 
will  be  seen  that  we  all  substantially  agree  in  the  values  of  the 
quantities  measured. 


Quantities  Measared. 


Watts  lost  at  no  load  ... 
Watts  lost  at  half  load. ..  . 
Watts  lost  at  full  load  ...  . 
Secondary  drop  at  fiill  load  . 
Efficiency  at  half  load  '  .. 
Efficiency  at  full  load  ...  . 
Total  copper  losses  (C"R)  at  fulH 


load,  in  watts  ... 


; 


1'. 

II. 

91 

114 

— 

149 

— 

236 

n 

2-2: 

96-4% 

96% 

97% 

96-9% 

104 

— 

F. 


98 
141 
209 

2*4 ".' 

96^: 

96-9  ;:r 

93 


It  is  clear,  therefore,  that  there  is  no  serious  disagreement 
between  us,  and  that  this  transformer  is  a  very  excellent  instru- 
ment. Its  maximum  efficiency  is  just  upon  97  per  cent.,  and  its 
efficiency  at  one-tenth  of  full  load  is  nearly  85  per  cent. 

The  loss  in  power  at  no  load  is  by  my  figures  1*46  per  cent, 
(by  Dr.  Hopkinson's  1*75  per  cent.)  of  the  full  secondary  outi)ut. 
The  core  of  this  transformer  is  made  of  a  high  quality  of  pure 
steel,  the  plates  being  slightly  oxidised  to  insulate  them  for 
eddy-currents. 
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Mordey  Transformer,  6,000-w;att,     (Tables  XXI.  and  XXII. 
Figs.  30,  31,  32,  and  33.) 

Two  transformers  of  this  size  were  tested.  In  one  the  three- 
voltmeter  method  showed  the  power  loss  at  no  load  to  be  125 
watts  ;  in  the  other  the  dynamometer  wattmeter  gave  148  watts. 
If  we  take  the  mean  of  these  results,  we  get  136  watts  as  the 
open-circuit  loss.     This  is  2*27  per  cent,  of  6,000  watts. 

We  found  the  "total  secondary  drop  "  between  no  load  and  full 
load  to  be  1-9  per  cent,  of  the  voltage  at  no  load.  In  the  oflScial 
publications  of  the  Brush  Company  the  manufacturer's  figures, 
for  this  sized  transformer,  for  the  open-circuit  loss  as  a  percentage 
of  full  load  is  given  as  1*82  per  cent.,  and  the  percentage  total 
drop  is  2*25  per  cent.,  but  these  figures  refer  to  the  6-kilowatt 
transformer  worked  at  a  frequency  of  100  (\J  and  transforming 
from  2,000  to  1 00  volts.  As  the  transformer  tested  by  us  had  a 
transformation  ratio  of  24  to  1  and  worked  at  83  f\J>  it  is  a 
question  how  far  the  official  figures  may  be  applied  to  it ;  but,  at 
any  rate,  our  determinations  agiee  with  those  of  the  manufeicturer 
Very  fidrly  in  assigning  a  value  of  not  fer  from  2  per  cent,  both 
to  the  open-circuit  loss  and  total  secondary  drop. 

According  to  our  observations  this  transformer  takes  rank  as 
one  of  the  best  for  regulation,  having  regard  to  its  size  and  its 
open-circuit  loss.  The  maximum  total  copper  loss  (C?E  loss)  is 
117  watts,  and  the  maximum  total  loss  at  full  load  is  311  watts. 
The  maximum  efficiency  is  close  to  96  per  cent.,  and  the  efficiency 
at  one-tenth  of  full  load  is  80  per  cent.  These  figures  are  perhaps 
not  quite  comparable  with  those  of  the  20  to  1  6,000-watt  trans- 
former worked  at  100  (\J^  but  they  are,  at  any  rate,  not  very 
different  from  the  values  of  the  similar  quantities  given  by  the 
manufacturers  for  this  last  transformer. 

We  shall  deal  more  at  length  presently  with  the  important 
question  of  the  constancy  of  the  iron  losses  at  all  loads,  which  the 
observations  on  this  transformer  bring  out  most  clearly. 

Thamson-Houaton  4,500-WaU  Tra/nsformer.    (Tables  XXIII.  and 

XXIV.     Figs.  34,  35,  36,  and  37.) 
c     There  is  nothing  which  here  specially  calls  for  remark.    The 
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transformer  is  a  very  good  example  of  a  high  eflSciency  closed 
iron  circuit  transformer  of  small  size.  At  one-tenth  of  full  load 
the  eflSciency  is  79-1  per  cent.  The  open-circuit  loss  is  only  1*6 
per  cent,  of  the  total  full  secondary  output. 

Kapp  4,000- H^a«  Transformer.     (Tables  XXV.  and  XXVL 
Figs.  38,  39,  40,  and  41.) 

This  is  a  very  interesting  transformer,  having  an  exceedingly 
good  regulation  for  such  a  small  size.  Its  total  secondary  drop  i» 
under  2  per  cent,  of  its  secondary  voltage  at  no  load,  and  its  open- 
circuit  loss  is  2*8  per  cent,  of  full  output.  It  is  curious  in  the 
rather  slow  rise  of  its  i)ower-factor  as  the  secondary  load  is 
increased.  More  about  this  will  be  said  presently.  The  good 
regulation  of  the  transformer  and  small  "  leakage  drop  "  are  no 
doubt  due  to  the  effective  "  sandwiching  "  of  the  primary  and 
secondary  coils. 

Swinburne  ZfiOO-Watt   "  Hedgehog  "    Transforraer.      (Tables 
XXVII.,  XXVIIL,  and  XXIX.     Figs.  42,  43,  44,  and  45.) 

Lastly,  but  by  no  means  least,  there  are  several  remarks  to 
make  about  the  "  hedgehog "  transformer  of  Mr.  Swinburne. 
As  a  problem  in  transformer  testing  this  open-circuit  transformer 
of  his  is  a  hard  nut  to  crack.  From  first  to  last  we  have  made 
many  hundreds  of  observations  on  it.  The  tables  XXVII., 
XXVIIL,  and  XXIX.  give  the  results  of  the  two  best  sets  of 
observations  with  tlie  dynamometer  wattmeter  on  this  transformer. 
The  mean  of  a  number  of  observations  with  the  dynamometer  watt- 
meter on  the  power  taken  up  at  no  load  by  this  transformer  gave  a 
value  very  close  to  114  watts.  We  have  already  seen  that  the 
mean  of  the  three-voltmeter  and  three-ammeter  methods  indicated 
probable  values  of  the  power  loss  close  to  this  number.  The 
dynamometer  observations  gave  values  of  114,  108, 108,  114,  114, 
121,  121,  in  seven  series  of  observations  at  slightly  different 
frequencies.  Hence  the  mean  of  all  means  of  over  62  observa- 
tions by  three  diflferent  methods  gives  the  value  of  112  watts  for 
the  power  absorbed  at  no  load  in  this  3,000-watt  "hedgehog* 
transformer. 

The  core  of  this  transformer  is  composed  of  soft  iron  wires 
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18  inches  in  length,  and  each  0*0225  of  an  inch  in  diameter. 
The  total  volume  of  iron  wire  is  about  856  cubic  centimetres, 
and  weighs  5,982  grammes.  The  induction  in  the  centre  of 
the  core  is  about  10,000  C.G.S.  units.  It  is  clear  that  with 
such  subdivision  of  the  iron  true  eddy-current  loss  in  the 
iron  must  be  small,  and  my  estimate  of  it  is  that  it  does  not 
amount  to  more  than  10  or  15  watts  at  the  frequency  used.  Also, 
the  true  hysteresis  loss  cannot  probably  be  much  greater  than  20 
to  30  watts.  In  general  one  watt  per  30  cubic  centimetres  of 
core  is  about  the  value  of  the  true  total  core  loss  in  most 
usual  small-sized  transformers.  How  comes  it  to  pass,  then,  that 
all  the  measurements  above  described  point  to  a  loss  of  about  112 
watts  at  no  load  ?  The  answer  to  this  question  is,  I  take  it,  that 
there  may  be  considerable  eddy-current  loss  in  the  copper  of 
the  secondary  circuit.  In  this  transformer  the  secondary  circuit 
is  first  wound  on  the  core,  and  then  the  primary  circuit  over  it. 
If  we  consider  for  a  moment,  we  shall  see  that  the  lines  of  induction 
passing  up  the  core  return  back  through  the  space  outside  the 
core,  and  in  so  doing  they  must  cut  through  the  copper  of  the 
circuits.  Hence,  at  each  reversal  of  induction,  unless  the  copper 
circuits  are  exceedingly  well  stranded,  there  are  eddy-currents  set 
up  in  the  copper  mass ;  and  this  takes  place  equally  well  at 
fall  and  at  no  secondary  load.  The  only  way  to  prevent  this  waste 
is  to  make  the  secondary  circuit  of  stranded  wire,  each  strand 
slightly  insulated  and  very  small.  It  is  perfectly  clear  that  this 
loss  must  take  place  to  some  extent,  and  that  it  is  a  special  defect 
of  the  open  magnetic  circuit  transformer.  We  may,  from  one 
point  of  view,  regard  the  function  of  the  iron  core  of  a  trans- 
former to  be  the  preservation  of  the  lines  of  induction  in  the 
proper  place,  and  making  them  thread  through  the  aperture 
of  the  secondary  circuit  without  intersecting  or  cutting  through 
the  mass  of  the  copper  in  that  circuit. 

In  any  case,  it  seems  to  me  possible  that  in  the  "  hedgehog  " 
tested  by  us  there  may  be  a  large  eddy-current  loss  in  the 
copper,  and  that  this  may  explain  the  abnormally  large 
loss  on  open  circuit,  which  cannot  well  be  accounted  for  in 
the  iron  core   alone,   unless   phenomenally  bad  iron   has  bean 
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employed.     I  venture  to  suggest,  therefore,  that  Mr.  Swinburne 
should  direct  his  attention  to  getting  rid  of  this  copper  eddy  loss, 
because,  as  it  stands,  this  3,000-watt  "  hedgehog  "  must  be  kept 
down  in  efficiency  from  this  cause.      If  we  compare  the  efficiency 
curve  of  this  transformer  with  that  of  a  closed  magnetic  circuit 
transformer  of  nearest  size,  we  see  that  the  open  magnetic  circuit 
so  far  gives  no  advantage  in   efficiency  at  the  low  loads.    This 
"  hedgehog  "  has  an  efficiency  of  about  73  per  cent,  at  one-tenth 
load,  and  94  or  95  per  cent,  at  full  load.     A  transformer  with  a 
closed  magnetic  circuit  and  of  not  much  greater  output  can  be 
built  to  do  just  as  well,  or  better,  than  this,  as  can  be  seen  by  an 
inspection  of  the  efficiency   curves  of  the   Kapp  or  Thomson- 
Houston  transformers.     If,  however,  the  eddy-current  loss  in  the 
copper  can  be  entirely  destroyed,   and   the   large   magnetising 
current  provided  by  non-wasteful   condensers,  the  open-circuit 
transformers  may  perhaps  be  made  more  efficient  at  low  loads 
than  closed-circuit  transformers  of  equal  output.     To  attempt  to 
predetermine  the  efficiency  of  this  type  of  transformer  as  now 
made  by  calculations  carried  out  on  the  assumption  that  the  only 
internal  loss  is  the  eddy  and  hysteresis  loss  in  the  iron,  leads  to 
considerable  overstatement  of  the  efficiency. 

If  subsequent  experiments  should  confirm  this  view  that  at 
present  there  is  considerable  avoidable  loss  in  the  copper  circuits 
of  the  "  hedgehog,"  it  is  clear  we  are  not  yet  at  the  end  of  our 
inquiries;  and  until  it  has  been  freed  from  this  defect,  it  does  not 
show  inherent  superiority  over  its  closed-circuit  rival.  When  it 
has  arrived  at  the  ideal  condition,  and  enjoys  the  constant 
presence  of  a  condenser  imparting  to  it  its  necessary  mi^etising 
current,  which  in  the  3,000-watt  "hedgehog"  is  nearly  50  per 
cent,  of  the  fuU-loadJprimary  current,  we  shall  be  ill  a  position 
to  give  it  a  final  verdict,  and  say  if  the  result  could  not  be  just 
as  well  obtained  by  adding  the  necessary  small  amount  of  iron 
to  complete  the  magnetic  circuit. 

Swinburne  6fiOO-WaW Hedgehog''  Transformer.   (Tables  XXX- 
and  XXXI.    Figs.  46,  47^  48,  and  49.) 
Subsequently  to  the  date  wheti  the  above  paragraphs  were  in' 
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print,   Mr.   Swinburne   submitted    for    test    a    6000-watt   open 
magnetic  circuit  transformer,  the  detailed  observations  on  which 
are  given  in  Tables  XXX.  and  XXXI.     We  have  here,  then,  a 
transformer  which  is  directly  comparable  as  regards  output  with 
the   closed    magnetic  circuit    transformers    of   Mordey  or  the 
Westinghouse  Company.     An  inspection  of  the  total  joss  curve 
for  this   6000-watt   "hedgehog'*  (Fig.  46)  shows  that  the  core 
losses,  after  subtracting  the  (?  R  losses,  are  not  quite  constant, 
but  slightly  diminish  as  the  load  increases.     The  loss  at  no  load 
in  transformer  is  156  to  160  watts,  and  the  efficiency  at  one-tenth 
'4^  full  secondary  load  is  about  77  per  cent.     A  comparison  of  the 
ei1,.:iency  curve  of  this  transformer  with  that  of  a  closed  magnetic 
circuit  transformer  of   equal   output,   such   as   ther  Mordey   or 
Westinghouse,  reveals  the  fact  that  the  "  hedgehog "  has  rather 
less  efficiency  at  the  low  loads,  but  practically  the  same  efficiency— 
about  96*9  per  cent. — ^at  its  maximum.     Hence,  as  far.  as  this  test 
goes,  it  shows  that  the  open  magnetic  circuit  transformer  in  itself 
is  not  superior  to  the  equal-sized  closed  magnetic  circuit  trans-* 
former.     The  diflFerence  between  the  magnitude  of  the  respective 
magnetising  currents  is,  however,  enormous.     The  V  hedgehog  ^ 
(600l>-watt)  has  a  magnetising  current  of  1"194,  or  nearly  1*2 
amperes,  at  no  load,  or  some  40  per  cent,  of  its  full-load  primary 
current ;  whereas  the  similar-sized  closed  magnetic  circuit  trans- 
former has  a  magnetising  current  of  about  0*07,  or  some  3  per  cent. 
of  the  full-load  primary  current.     It  has  been  frequently  pointed 
out  that  although  this  large  magnetising  current  in  the  case  of 
the   "hedgehog"  is  a  "wattless"  current,  or  current  of  small 
power-factor,  yet  it  has  many  inconveniences,  and  is  objectionable. 
The  inventor  accordingly  suggested  the  association  of  a  condenser 
with  the  transformer  to  supply  the  necessary  current.     Granted 
that  the  union  of  an  appropriate  condenser  with  the  "  hedgehog  " 
transformer  may  in  a  given  case  make  a  transforming  device 
in  every  way  practical  and  perfect,  yet  the  above  experiments 
show  that  as  far  as  it  has  been  carried  at  present  this  condenserr 
transformer  combination  is  no  more  efficient,  or,  rather,  not  quite 
so  efficient  a  device  as  the  much  more  simple  closed  magnetic 
circuit  transformer. 
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V. — General  Remarks  on  the  above  Experiments. 

14.  On  examining  all  those  diagrams  in  which  are  delineated 
the  curves  of  total  loss  of  power  in  the  transformer  and  the  curve         i 
of  total  copper  resistance  loss  (C*B),  we  see  that  in  every  case  the         | 
upper  curve  runs  sensibly  parallel  to  the  lower  curve ;  in  some 
cases   most  exactly  parallel.     In  the  curves  for  closed  magnetic 
circuit  transformers  of  good  design  the  diflference  between  the 
total  C^  fi  loss  and  the  total  loss  of  all  kinds  is  the  iron  core  loss 
in  the  transformer.     Hence  we  see  that  all  the  experiments  lead        . 
to  the  conclusion  that  the  iron  core  losses  are  constant  at  aXl  loads.       i 
In  no  case  have  we  found  any  substantial  evidence  that  the  iron 
core  losses  are  evanescent  at  full  secondary  load.     This  last  view 
has  been  held   by  Mr.   Mordey   and  others.      Seeing  that  our 
methods,  when  applied  to  the  6,000-watt  Mordey  transformer, 
give  practically  the  same  results  at  no  load  as  Mr.  Mordey  obtains, 
it  is  an  interesting  matter  to  inquire  how  it  comes  to  pass  that 
the  calorimetric  method  employed  by  him  seemed  to  indicate  that 
the  whole  loss  in  the  transformer  at  full  load  was  accounted  for 
by  the  frictional  losses  in  the  copper.     At  present  the  writer  can 
oflFer  no  explanation  of  this   discrepancy.      The  above-described 
observations  were  all  made  and  plotted  out  before  the  appear- 
ance of  the  paper  of  Professor  Ayrton  and  Dr.   Sumpner,  and 
shown  to  many  people,  but  it  is  very  satisfactory  to  find  that 
their   undoubtedly    excellent   method   has    conducted    them  to 
precisely  the  same  conclusion.      Hence  we  seem  to  have  very 
good  reason  to  believe  that  the   total   internal  loss   curve  of  a 
transformer  can  be  drawn  from  observations  of  the  C?  E  losses 
and  the  total  core  loss  at  no  load. 

When  we  come  to  consider  it,  it  is  very  difficult  to  see  on 
what  valid  supposition  we  could  conclude  that  hysteresis  loss 
should  be  less  at  full  than  at  no  load.  The  only  difference  in 
the  magnetic  conditions  are  that  in  one  case  the  iron  is  mag- 
netised by  a  small  current  acting  in  one  direction,  and  in  the 
other  by  the  difference  between  two  currents  flowing  in  opposite 
directions,  but  governed  by  the  condition  that  the  total  ampere- 
turns  remain  the  same.  In  a  special  experiment,  I  have  taken 
the   hysterasis  diagram  for  a  soft  iron  wire  employing  a  mag- 
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netising  force  of  1,000  ampere-turns,  in  one  case  produced  by 
2'5  amperes  and  400  turns,  and  in  the  other  case  by  20  amperes 
and  50  turns.  The  hysteresis  areas  for  one  complete  cycle  were 
found  to  be  practically  the  same — the  latter,  if  anything,  the 
larger  of  the  two.  Prof.  Ewing's  direct  evidence  on  this  point 
will  be  remembered. 

15.  These  measurements  have  brought  out,  in  addition,  another 
very  interesting  fact.  In  the  foregoing  tables  for  each  transformer 
will  be  seen  a  column  of  figures  headed  Poiver-Factor.  We  have 
already  defined  this  term  as  the  ratio  of  the  "  true  watts  "  to  the 
"  apparent  watts,"  or  product  of  the  efifective  amperes  and  effective 
volts.  This  ratio  is  given  for  each  measurement  of  the  power. 
We  see  at  once  that  for  closed  magnetic  circuit  transformers  of 
good  type,  such  as  the  Mordey,  Westinghouse,  Ferranti,  &c.,  the 
power-factor  at  no  secondary  load  begins  at  a  value  of  about  0*8  or 
thereabouts.  For  such  types  of  transformers,  however,  a  very  little 
loading  up  of  the  secondary  circuit — not  more  than  one- tenth  of  full 
load — ^brings  the  power-factor  up  to  unitiy.  In  Fig.  46,  Plate  5,  are 
given  three  curves  showing  the  progress  of  increase  of  the  power- 
factoT  as  the  load  on  the  secondary  circuit  is  progressively  in- 
creased. The  upper  curve  represents  the  growth  of  power-factor 
(P.F.)  for  the  6,500-watt  Westinghouse  transformer.  Beginning 
at  0*8,  it  rises  up  to  unity  at  about  one-tenth  of  full  load.  Hence 
at  and  after  this  very  little  load  the  apparent  watts  are  the  same 
as  the  true  watts,  and  the  real  power  taken  up  in  the  transformer 
is  quite  accurately  given  by  the  product  of  the  primary  terminal 
pressure  and  the  primary  current,  eflTective,  or  ^/mean*,  values 
being  understood.  For  an  open  magnetic  circuit  transformer  like 
the  "  hedgehog  "  the  case  is  quite  different.  The  P.F.  begins  at 
a  value  of  0*08  or  0*06,  and  it  never  rises  up  above  0*8.  Hence  at 
no  stage  of  the  load  is  the  real  power  taken  up  by  the  transformer 
anywhere  nearly  equal  to  the  **  apparent  watts."  A  transformer  like 
the  4,000- watt  Kapp  appears  to  occupy  an  intermediate  position, 
and  although  it  has  a  medium  power-factor  to  start  with,  its  P.F. 
rises  up  to  unity  at  about  half  load.  The  importance  of  this  fact 
in  alternate-current  station  working  is  very  great.  It  shows  us, 
if  we  have  a  station  wholly  supplied  with  transformers   of  the 
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type  of  Mordey,  Westinghouse,  Thomson-Houston,  Ferranti,  Ac, 
that  the  apparent  watts  supplied  to  the  transformers  is  the  real 
watts  at  any  hour  when  all  the  transformers  are  more  than  one-tenth 
loaded.  If,  however,  the  station  is  engineered  with  "  hedgehogs," 
or  with  that  museum  of  transformers  of  all  sorts  and  makes  which 
some  central  station  engineers  are  fond  of  gathering  together — ^ 
under  the  idea,  perhaps,  that  they  can  "  hedge  '  for  economy  and 
make  up  for  the  vices  of  one  kind  by  the  virtues  of  another — ^then 
in  hardly  any  state  of  the  load  will  it  be  safe  to  assume  the 
identity  of  the  true  and  apparent  measures  of  outgoing  power. 
We  must,  of  course,  here  assume  that  concentric  primary  cables 
are  not  in  use,  otherwise  an  error  of  another  kind  may  he  intro- 
duced. If  we  take  the  case  of  a  station  provided  wholly  with 
closed  magnetic  circuit  transformers,  and  consider  it  as  having  an 
averiyge  kind  of  load  diagram,  say  for  the  whole  year, — then  if  the 
measure  of  the  "  apparent  units "  sent  out  from  the  station  is 
taken,  I  do  not  think  that  in  general  we  shall  be  far  out  in  our 
estimate  of  the  true  units  ^ent  out  if  we  deduct  from  the  apparent 
units  about  12  to  15  per  cent,  and  call  the  remainder  the  measure 
of  the  true  units  of  energy  sent  out  in  the  whole  time. 

16.  On  looking  at  the  curves  in  which  are  delineated  the 
values  of  the  primary  and  secondary  currents  for  each  transformer, 
we  note  that  in  these  the  value  of  the  primary  current  and 
l-24th  part  of  the  secondary  current  is-  plotted  in  terms  of 
the  secondary  output.  These  curves  are  very  nearly  straight 
lines.  In  the  case  of  the  closed  magnetic  circuit  transformers  of 
lai'ge  power-factor  the  diflTerence  between  these  current-values  is 
constant. 

Since  the  windings  of  these  transformers  are  in  the  ratio  of  24 
to  1,  it  is  obvious  that  the  ordinates  of  the  current-curves  may  be 
taken  to  represent  the  primary  and  secondary  ampere-turns.  If 
we  look  at  the  tables  and  examine  the  difference  between  the 
values  of  the  primary  current  and  l-24th  part  of  the  second- 
ary current,  we  shall  find  this  difference  is  sensibly  equal  to  the 
primary  current  at  no  load,  or  to  the  "  magnetising  current,"  so 
called.  This  is  only  another  way  of  stating  the  fact  that  the  resultant 
ampere-turns  are  constant  at  all  loads  and  equal  to  ihe  ampere* 
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turns  at  no  load.    The  above  is  true  only  for  the  high  power-factor 

transformers.    For  the  open  magnetic  circuit  transformer  it   is 

not  the  case.     In  this  last  the  difference  between  the  primary  and 

secondary  ampere-turns  diminishes  as  the  load  increases.     This 

is  probably  because  there  is  a  continual  change  of  the  relative 

phase  of  the  primary  and  secondary  currents  in  the  open  magnetic 

circuit  transformer  as  the  load  is  increased ;  whereas  in  the  closed 

circuit,    after  the   first  beginning    of   load,    the    primary    and 

secondary  currents  come  nearly  intx)  opposition  with  each  other 

as  regards  phase,  and  preserve  that  diflference  at  all  greater  loads. 

There  are  also,  as  mentioned,  for  each  transformer  a  set  of  curves 

showing  the  total  secondary  drop  in  volts  between  no  load  and 

any  load.     Consider  the  case  at  full  secondary  load.     The  P.D. 

between  the  secondary  terminals  is  then  less  than  that  between 

them  when  the  transformer  is  unloaded ;  primary  terminal  P.D. 

being ,  kept    always   constant.      The    diflference   between  these 

secondary  P.D.'s  is  the   "total   secondary  drop."      Part  of  this 

drop  is  due  to   the   volts   lost   by   resistance  in   the   secondary 

circuit,  part  by  resistance  in  the  primary,  and  the  outstanding 

portion  is  the    "leakage  drop,"  or  lost  volts   due  to   magnetic 

leakage.      In   all   of  the   "  drop "  curves  a  line  is  drawn  in   to 

indicate  the   "drop"  due  to   secondary  resistance,  and  in  some 

a  dotted  line  is   added  also  to  indicate  the  drop  due   to  the 

primary  resistance.     The  relation  of  these  parts  to  the  whole 

drop  in  volts  may  be  examined  as  follows  for  a  closed  magnetic 

circuit  transformer :  — 

Let  Vi  be  the  instantaneous  value  of  the  potential  diflference 
of  the  primary  terminals,  and  v^  the  same  for  the  secondary 
terminals,  of  the  transformer.  Let  t,  and  ij  be  the  instantaneous 
values  of  the  currents,  and  let  E  and  S  be  the  primary  and 
secondary  circuit  resistance,  and  Ni  and  Nj  the  primary  and 
secondary  turns.  Then  let  61  be  the  induction  density  in  the 
centre  of  the  primary  coil,  and  62  that  in  the  secondary,  and  b 
the  density  of  the  leakage ;  or,  if  A  is  the  constant  cross  section 
of  the  magnetic  circuit,  let  A  61  be  the  lines  threading  through 
the  primary  coil,  A  62  those  through  the  secondary  coil,  and  A  b 
the  leakage  of  lines.    Then, 

A  61  =  A  fcj,  +  A  ft 
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By  fundamental  equations, 

and  „  i     (2) 


o  =  S  ?2  +  ^2  H-  A 


"■ll'j 


N 
Hence,  writing  a  for:;—,  we  have,  by  elimination  of  bi  and  6, 

between  (1)  and  (2), 

yy  +  r,  +  S  i.  -  R  *A  =  A  N,  ^  ...         (3) 

a  a  at 

Let  Vi  =  Vj  sin  j9  ^ :  then  v,  =  —  Vj  sin  p  t,  because  the  primary 

and  secondary  potentials  are  in  opposite  phases.     Also,  we  can 

write  i,  =  Ii  sin  p  t,  and  i^  =  —  Ig  sin  p  t^  at  all  stages  of  the 

secondary  load  very  nearly,  because  the  primary  and  secondary 

currents  are  in  opposite  phases,  and  the  primary  current  is  in 

synchronism  with  the  primary  P.D.  at  all  stages  of  the  load  above 

one-tenth.     Also,  we  can  write  6  =  —  B  sin  j?  <,  because  the 

**  leakage  "  is  determined  by  and  is  in  close  synchronism  with  the 

secondary  current.     Hence  we  arrive,  by  substitution  in  (3),  at 

the  equation, 

f^  —  Vj  -  S  L,  -  ?  Ii  )  sin p«  =  -  A  N2  p  B  cos  2>  ^     (4) 
\  et  a      / 

The  quantity  A  Ng  p  B  cos  p  <  is  the  instantaneous  value  of  the 
volts  lost  by  leakage.  When  the  secondary  circuit  is  open,  the 
secondary  current,  I2,  is  zero ;  the  P.D.  at  the  secondary  terminals 
has  a  value  whose  maximum  we  may  denote  by  ©^2  5  ^^^  ^^^ 
primary  current,  then  called  the  "  magnetising  "  current,  has  a  value 
the  maximum  of  which  may  be  called  qTi-  If  the  secondary 
circuit  is  fully  loaded  up,  then  the  P.D.  at  the  secondaxy  ter- 
minals drops  to  a  value  whose  maximum  may  be  represented 
by  ^V„  and  the  primary  and  secondary  currents  have  maximum 
values  respectively  Ij  and  Ig.  Substituting  these  values  for  the 
two  cases  of  no  load  and  full  load  on  the  secondary  circuit  in 
the  equation  (4)  successively,  and  then  subtracting  the  two 
resulting  equations  from  each  other,  and  afterwards  taking  the 
v/mean"   value   of   both   sides,*   and  putting  dashes   over   the 


*  This  symbol,  i^inean,*  is  a  conveDient  abbreviation  for  the  long  phrase, 
"  taking  the  square  root  of  the  mean  of  the  squares  of  aU  the  instantaneous  Talnes 
"  of  the  periodic  quantity  at  equal  phort  intervals  of  time  throughout  the  period  •* 
It  has  been  called  the  elective  value. 
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letters  to  indicate  that  they  now  stand  for  the  values  of  the 
currents  and  potentials  as  read  on  alternate-current  ammeters 
and  voltmeters,  we  get  the  equation, 

(oV/  -  /V/)  -  (s  V  +  ^R  (1/  -  oTxO  )  =  A  N,  p  B. 

Since  ©V,'  is  the  value  of  the  secondary  P.D.  at  no  load,  and  /V/ 
is  that  at,  say,  full  load,  the  first  term  in  the  bract et  is  the 
"  total  drop  "  The  second  term  in  the  bracket  is  the  sum  of  the 
copper  drop  due  to  the  secondary  circuit  and  that  due  to.  the 
primary  circuit,  and  the  term  on  the  right-hand  side  of  the 
equation  is  the  drop  due  to  leakage.  Hence,  if  we  have  a  closed 
n«agnetic  circuit  transformer  with  windings,  say,  in  the  ratio  of 
24  to  1,  we  have  the  following  rule  for  obtaining  the  true 
magnetic  leakage  drop,  or  volts  lost  by  leakage  at  full  load  : — Add 
together  the  product  of  secondary  resistance  and  secondary  current 
and  l-24th  part  of  the  same  product  for  the  primary  circuit, 
after  deducting  from  the  primary  current  at  full  load  the 
"magnetising"  current.  Subtract  this  sum  fi*om  the  total 
observed  drop,  and  the  remainder  is  the  secondary  volts  lost  by 
magnetic  leakage. 

Examining  in  this  way  all  our  transformers,  we  see  that  in 
some,  such  as  the  Westinghouse,  half  the  observed  drop  is  due  to 
magnetic  leakage  ;  whilst  in  some,  such  as  the  Kapp  transformer, 
magnetic  leakage  is  very  small.  This  is  no  doubt  due  to  the  way 
in  which  the  primary  and  secondary  coils  are  interplaced  in  the 
Kapp  transformer. 

From  what  has  been  said  above,  it  is  clear  that  we  can,  from 
certain  figures  of  observation  on  a  transformer,  predetermine  all 
these   curves  when  that  transformer  is  of  the   closed  magnetic 
circuit  type.     For  if  we  are  given — 
(a)  The  primary  P.D.  of  terminals  ; 

(6)  The  primary  current  at  no  load,  commonly  called  the 
**  magnetising  current ; " 

(c)  The  primary  and  secondary  circuit  resistances ; 

(d)  The   P.D.   of  secondary  terminals,   and   the   secondary 

current  corresponding  to  various  secondary  loads  up 
to  full  load  ; — 
we  can  determine  the  efficiency  curve  and  everything  oke.^^^T^ 
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For  the  product  of  (a)  and  (6)  gives  us  the  apparent  watts  at 
no  load,  and  if  we  take  0*8  of  this  we  get  the  core  loss  at  all  loads. 
Then  from  the  ratio  of  the  primary  to  secondary  volts  at  no  load, 
and  the  observed  secondary  currents  and  magnetising  current,  we 
can  calculate  the  primary  currents,  and  from  the  currents  and 
resistance^  get  the  total  C'R  loss  at  certain  secondary  loads. 
Hence  we  can  draw  a  total  C*R  loss  curve  and  a  tot^l  loss  curve 
parallel  to  it,  and  from  this  last  determine  the  efficiency  at 
every  stage  of  the  load. 

VI. — Experiments  with  Mr.  Swinburne's  Wattmeters. 

17.  As  mentioned,  Mr.  Swinburne  sent  with  his  trans- 
former a  brass-cased  wattmeter  stated  to  be  adapted  for 
measuring  alternating-current  power.  In  most  of  the  tables 
giving  the  power  absorbed  by  various  transformers  will  be 
found  a  column  headed  "  Total  Power  taken  up  in  Trans- 
*'  former  by  Swinburne  Wattmeter,**  and  in  the  "  total  loss " 
curves  these  numbers  are  plotted  as  a  dotted  line,  marked 
"  Losses  by  Swinburne  Wattmeter.''  In  various  cases  we  made 
measurements  with  this  Swinburne  wattmeter,  as  far  as  it 
would  read,  and  our  own  dynamometer  wattmeter,  either  simul- 
taneously or  immediately  after  one  another.  The  Swinburne 
wattmeter  was  carefully  calibrated  on  the  same  non-inductive 
resistance  as  the  dynamometer  wattmeter,  and  its  constant 
determined.  An  examination  of  the  values  of  the  power 
taken  up  by  various  transformers  at  various  loads  shows  that  the 
power  values  given  by  the  first  sent  Swinburne  wattmeter  are  in 
nearly  all  cases  lower,  and  often  much  lower,  than  those  given 
by  the  dynamometer  wattmeter.  In  the  case  of  the  Westing- 
house  transformer  the  two  instruments  gave  practically  the 
same  value  for  the  loss  at  no  load ;  and  for  that  transformer, 
and  for  the  15-H.P.  Ferranti  transformer,  the  differences  in  the 
two  readings  are  not  great  at  any  load.  It  seemed  that  the 
Swinburne  wattmeter  gave  readings,  within  reasonable  limits  of 
experimental  errors,  quite  as  likely  to  be  right  as  not.  The  case 
is  quite  different,  however,  when  it  is  applied  to  measure  the 
power  -  absorption    in     a    transformer    of    small    or    moderate 
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power-factor.  In  the  case  of  the  Thorason-Houston  trans- 
former the  Swinburne  wattmeter  gave  power  values  only 
about  two-thirds  as  great  as  those  given  by  the  dynamometer ; 
in  the  case  of  the  Kapp  transformer  rather  less.  Most  remarkr 
able  of  all,  in  the  case  of  Mr.  Swinburne's  own  transformer,  his 
first  sent  wattmeter  gave  power  values  on  the  average  only 
about  half  of  those  obtained  by  the  dynamometer  wattmeter. 
Again  and  again  we  repeated  these  experiments,  caUbrating  the 
wattmeters  in  various  ways,  and  using  every  precaution.  The 
mean  of  all  our  observations  with  the  Swinburne  wattmeter  gave 
74  watts  as  the  power  taken  up  in  the  3,000-watt  "  hedgehog  "  at  no 
load,  and  the  most  frequent  value  obtained  was  55  watts.  We 
have  seen  that  the  mean  of  all  other  methods  gave  114,  and  the 
most  trustworthy  observations  by  the  dynamometer  gave  121 
watts.  Here,  then,  was  a  riddle  to  be  explained.  It  was  only  sus- 
ceptible of  two  solutions.  Either  the  dynamometer,  three- voltmeter, 
and  three-ammeter  results  for  the  "  hedgehog "  were  greatly  in 
excess  of  the  true  value  of  the  power  absorbed,  or  else  Mr. 
Swinburne  had  achieved  the  man^ellous  feat  of  inventing  a  watt- 
meter which,  whilst  reading  approximately  correctly  the  power 
taken  up  in  transformers  of  good  closed  magnetic  circuit  type, 
measured  too  Uttle  by  nearly  50  per  cent,  when  applied  in  the 
same  way  to  test  his  own. 

18.  It  was  felt  to  be  necessary  to  examine  this  matter  with 
the  greatest  care.  Experiments  were  therefore  made  with  three 
small  "  hedgehogs  "  which  had  been  made  foi/ lecture  purposes. 
These  transformed  from  100  to  33  volts.  These  three  little 
transformers  were  arranged  with  their  primary  circuits  (100  volts) 
in  parallel,  and  with  their  secondary  circuits  open.  The  power 
taken  up  in  the  three  together  at  100  volts  was  measured  by  the 
three-voltmeter  method,  the  dynamometer  wattmeter,  and  with  the 
Swinburne  wattmeter.  These  experiments  were  carried  out  as 
follows : — In  series  with  the  transformers  was  placed  a  couple  of 
incandescence  lamps  as  a  non-inductive  resistance,  and  three 
Kelvin  multicellular  electrostatic  voltmeters  were  employed  in  a 
three-voltmeter  method  to  measure  the  power  absorbed  in  the 
transformers.    The  resistance  of  the  lamps  was  obtained  by  a 
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measurement  of  the  current  passing  through  the  lamps,  using 
either  a  Kelvin  ampere  balance  or  a  dynamometer  placed  behind 
the  voltmeters.  With  these  arrangements,  and  using  a  very  steady 
pressure,  and  such  ratios  of  the  potential  differences  as  would  give 
the  best  results,  we  obtained  1 1  measurements  of  the  power  absorbed 
at  no  load  by  these  three  little  "  hedgehogs."  These  results  are 
tabulated  in  Table  XXXIII.  Then,  next,  both  the  Swinburne 
wattmeter  and  the  dynamometer  wattmeter  were  carefully  stand- 
ardised on  an  incandescence  lamp  working  at  100  volts ;  measuring 
first  the  true  power  taken  up  in  the  lamp  by  volts  and  current, 
and  then  using  this  value  to  obtain  the  constant  of  the  wattmeters. 
The  standardised  wattmeters  were  then  set  to  measure  the  power 
taken  up  in  the  three  small  transformers.  The  results  are  given 
in  Table  XXXIV. 

Table  XXXIII. 

Experiments  on  Power  absorbed  by  Three  Small  "Hedgehog" 
Transformers  at  No  Load,  taken  by  Three-Voltmeter  Method 
at  100  volts. 


Current  throagh 

Transformers, 

in  Amperes. 

Readings  of  ElectroetaUc 
(Kelvin). 

V,.                  V,. 

Voltmeters 
V,. 

Resistance  in 

Series  with 

Transformers, 

in  Ohms. 

Power  in  Watts 
absorbed  by  the 

Three 
Transformezs. 

2-02 

100 

93-6 

1430 

46-3 

18-2 

2-02 

100 

;       98-9 

143-5 

46-5 

191 

202 

100 

!        940 

1430 

465 

171 

202 

100 

93-9 

143-4 

46-5 

18-9 

202 

100 

93-9 

143-0 

46-5 

17-6 

2-02 

100 

94  3 

1440 

46-7 

19-4 

2-07 

100 

'•       95-2 

1447 

45-9 

20-4 

206 

100 

95-4 

144-6 

46-2 

195 

2-096 

100 

'        95-5 

145-0 

461 

20-7 

2092 

100 

96  7 

145-8 

46-2 

20-5 

i 

M 

ean  power  in 

nratts,  19*26 
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ToRe  XXXIV. 

Experiments  on  the  Power  absorbed  by  Three  Small "  Hedgehog  " 
Transformers  at  No  Load^  taken  by  Dynamometer  and  Swin- 
burne Wattmeter  at  100  volts. 

(Wattmeters  both  standardised  on  an  incandescence  lamp  taking 

42  watts.) 


•       Voltaon 

Scale  Readings  of 

Power  absorbed  in  Watts  by  the 

Dynamometer 
Wattmeter. 

Swinburne 
Wattmeter. 

By  Dynamometer 
Wattmeter. 

By  Swinburne 
Wattmeter. 

100 
100 
100 

16-0 
151 
151 

28-5 
28-5 
28  8 

191 

l9-2 

19-2 

Mean 
1916 

12-6 

12  6 

12-7 

Mean 
12-61 

Collected  Results  for  the  Mean  Value  of  Power  absorbed  by  the. 
Thlree  Small  "  Hedgehogs  "  arranged  in  Parallel. 


By  three- voltmeter  method 
By  dynamometer  wattmeter 
By  Swinbome  wattmeter 


19-26  watts. 
19-16     „ 
12-61     „ 


We  see  that  the  mean  value  of  the  power  taken  up  as 
measured  by  the  three-voltmeter  method  agrees  quite  well  with  the 
value  obtained  by  the  dynamometer  wattmeter,  but  that  the  value 
obtained  by  the  Swinburne  wattmeter  is  nearly  34  per  cent,  lower 
than  the  other  two. 

These  experiments,  which  were  very  carefully  made,  convinced 
me  that  the  cause  of  the  discrepancy  must  be  lOoked  for  in  the 
Swinburne  wattmeter. 

Mr.  Swinburne  sent  for  use  with  his  transformer  a  condenser 
suitable  for  putting  upon  the  primary  circuit  in  parallel  with  the 
primary  circuit  of  the  "hedgehog.''  We  therefore  applied  the 
two  wattmeters  to  measure  the  power  taken  up  (1)  in  the 
condenser  alone,  (2)  in  the  transformer  alone,  and  (3)  in  the 
condenser  and  transformer  on  open  secondary  circuit  when  the 
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condenser  was  joined  in  parallel  with  the  primary  of  the  trans- 
former. The  primary  pressure  was  2,400  volts  in  all  cases. 
When  the  condenser  was  across  the  circuit  alone,  the  current 
flowing  into  it  was  0*458  ampere,  as  measured  by  a  Kelvin  balance. 
Since  the  frequency  was  83,  this  shows  the  capacity  of  the 
condenser  was  about  0'36  of  a  microfarad.  The  magnetising 
current,  or  open-circuit  current,  of  the  3,000-watt  "hedgehog" 
was  0*761  ampere;  and  when  "hedgehog"  and  condenser  were 
joined  in  parallel  the  current  flowing  into  them  jointly  was  0*283 
ampere.  The  Swinburne  wattmeter  and  dynamometer  wattmeter 
being  both  standardised,  12  measurements  were  taken  with 
each  instrument — four  of  the  power  absorbed  in  the  condenser, 
four  of  that  absorbed  in  the  transformer  with  open  secondary, 
and  four  of  the  condenser  and  transformer  joined  in  parallel. 
The  results  are  given  in  Table  XXXV. 

TabU  XXXV. 

Experiments  on  the  Power  absorbed  in  Condenser  and  "Hedgehog" 
Transformer  separately  and  together,  taken  by  Two  Watt- 
meters at  a  primary  pressure  of  2,400  volts. 

(a.)  Power  absorbed  in  Condenser  alone. 

By  Swinburne  Wattmeter.  By  Dynamometer  Wattmeter. 

44*8  watts.  ...  18*0  watts. 

44*0      „  ...  21*0      „ 

50*0      „  ...  30-0      „ 

47*0      „  ...  27*0      „ 

Mean     ...     46-4      „  Mean     ...     24-0      „ 

(6.)  Power  absorbed  by  "  Hedgehog  "  a^  No  Load. 

By  Swinburne  Wattmeter.  By  Dynamometer  Wattmeter 

41*5  watts.  ...  120-0  watts. 

44-0      „  ...  120-0      „ 

36-0      „  ...  108-0      „ 

330      ,,  ...  112-0      „ 


Mean    ....     39-0      „  Mean     ...     115-0     „ 
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(c.)  Power  absorbed  by  Condenser  and  sa/me  Transformer 
in  ParaUd. 


Swinbnrne  Wattmeter. 

By  Dynamometer  Wattmeter. 

96*3  wattd. 

144-0  watts. 

95-0      „ 

144-0      „ 

100-0      „ 

150-0      „ 

95-0      „ 

140-0      „ 

Mean     ...     96*5      „  Mean     ..,     144*0      „ 

It  is  clear,  therefore,  that  whilst  relatively  to  the  dynamometer 
wattmeter  Mr.  Swinburne's  first  wattmeter  reads  too  low  on  his 
transformer,  it  reads  too  much  on  his  condenser,  and  he  has 
been  overrating  the  power  taken  up  in  tjie  condenser  to  about 
the  same  extent  as  he  has  been  underrating  that  taken  up  in 
the  transformer. 

On  thinking  over  these  results,  it  became  evident  that  they 
could  be  accounted  for  on  the  supposition  that  the  current  through 
the  shunt  circuit  of  the  Swinburne  wattmeter  was  advan^ced  in 
phase  as  compared  with  that  of  the  primary  impressed  potential 
difference  between  the  ends  of  that  circuit.  The  correctness  of 
the  wattmeter  as  a  power-measuring  instrument  depends  upon  the 
current  in  the  shunt  circuit  being  exactly  in  step,  or  consonance, 
with  the  periodic  potential  difference  at  the  ends  of  that  circuit. 
When  the  wattmeter  is  applied  to  the  open  circuit-transformer,  the 
current  through  the  transformer,  which  is  also  the  current  in  the 
series  coil  of  the  wattmeter,  lags  behind  the  P.D.  at  the  primary 
terminals  of  the  transformer.  Hence,  if  the  current  through  the 
wattmeter  shunt  circuit  (which  should  represent  that  P.D.  in 
phase  and  magnitude)  is  advanced  in  phase,  the  two  currents 
(series  and  shunt)  in  the  wattmeter  will  have  a  greater  difference 
of  phase  impressed  upon  them,  and  hence  the  mean  product  will 
be  diminished.  Again,  if  the  wattmeter  is  applied  to  a  condenser, 
the  current  through  the  condenser  is  normally  in  advance  in 
phase  of  the  P.D.  at  its  terminals.  Hence,  by  the  same  reasoning, 
any  cause  tending  to  advance  the  phase  of  the  current  through 
the  shunt  circuit  of  the  wattmeter  will  bring  the  shunt  and  series 
currents  more  into  step  and  increase  the  mean  product.  There- 
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fore  the  wattmeter  reading  will  be  too  little  on  a  transformer 
and  too  great  on  a  condenser. 

It  is  obvious  that  this  advancement  of  phase  of  the  current  in 
the  shunt  circuit  of  the  wattmeter  could  be  produced  by  capacity 
in  that  circuit. 

The  resistance  of  the  shunt  circuit  of  the  Swinburne  wattmeter 
is  about  100,300  ohms ;  of  that,  the  movable  coil  has  300  ohms 
resistance,  and  the  100,000  ohms  is  the  resistance  of  the  doubly 
wound  fine  wire  in  two  brass  boxes,  which  are  joined  in  series  with 
the  bobbin.  Experiments  were  then  made  to  see  if  we  could,  by 
artificially  increasing  the  capacity  of  either  of  these  parte  of  the 
shunt  circuit,  exaggerate  the  defect,  and,  if  so,  whether  the 
readings  of  the  wattmeter  on  the  "  hedgehog  "  were  more  altered 
than  readings  on  a  non-inductive  resistance. 

Exp.  1.— A  small  Leyden  jar  of  1  pint  size,  about  0*001  or  0*0005 
of  a  microfarad  in  capacity,  had  its  inside  and  outside  coatings 
connected  to  the  ends  of  the  external  resistance  (in  brass  boxes)  of 
the  shunt  circuit.  So  arranged,  the  Swinburne  wattmeter  was 
applied  to  measure  the  power  taken  up  in  the  3,000- watt  "  hedge- 
hog "  on  open  circuit  and  in  our  non-inductive  resistance.  With 
the  jar  removed,  the  deflection  of  the  wattmeter  was  5  divisions, 
corresponding, to  about  80  watts  taken  up  in  the  transformer. 
With  the  jar  added,  the  deflection  fell  to  0*3,  or  5  watts.  No 
such  change  was  produced  by  adding  the  jar  when  the  power 
being  measured  was  being  taken  up  in  the  non-inductive 
resistance.  It  is  evident,  therefore,  that  capacity  added  to  the 
shimt  circuit  still  further  reduces  the  wattmeter  readings. 

Exp.  2.— In  order  to  find  out,  if  possible,  whether  the  prejudicial 
capacity  existed  in  the  external  resistance  in  the  brass  boxes  or 
in  the  internal  resistance  in  the  movable  bobbin  of  the  shunt 
circuit,  the  brass  boxes  were  removed  and  their  place  taken  by  a 
resistance  of  34,000  ohms,  made  up  of  the  filaments  of  high- 
resistance  incandescence  lamps.  It  seemed  clear  that  a  row  of 
lamps  could  have  no  sensible  capacity.  The  readings  of  the  watt- 
meter were  then  compared  when  the  shunt  circuit  external  resist- 
ance consisted  of  34,000  ohms  made  up  of  lamp  filaments,  and 
100,000  ohms  made  up  of  doubly  coiled  wire  in  brass  boxes,  being 
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taken  both  on  the  3,000-watt  "hedgehog**  and  on  a  15-H.P. 
Ferranti  transformer.  No  greater  difference  was  found  in  the 
power  measurements  in  the  two  cases  than  might  be  due  to  errors 
of  reading.  For  the  "  hedgehog,"  the  power  reading  with  the 
external  shunt  resistance  formed  of  lamps  was  79  watts,  and  81 
watts  when  using  the  coiled  wire  resistances  in  the  brass  boxes. 
For  the  other  transformer  values  of  125  and  130  watts  were  found. 
Since  we  have  good  reason  to  believe  that  the  true  value  of  the 
power  given  to  the  3,000-watt  "hedgehog"  is  114-120  watts, 
and  that  to  the  15-H.P.  Ferranti  is  150  watts,  when  on  open 
secondary  circuit,  we  see  that  the  substitution  of  lamps  for  the 
brass  box  resistances  did  not  appreciably  increase  the  abnormally 
low  reading  of  this  wattmeter,  and  therefore  the  cause  of  this 
low  reading  could  not  be  capacity  in  this  external  resistance  in 
the  brass  boxes.  Hence  it  appeared  to  be  more  probable 
that  the  capacity  giving  rise  to  this  diminished  power  reading 
might  be  due  to  the  small  electrostatic  capacity  of  the  tightly 
coiled  wire  bobbin  of  very  many  turns  which  forms  the  suspended 
circuit  of  the  wattmeter,  and  that  this  capacity  advances  the 
phase  of  the  current  in  the  shunt  circuit,  so  that  instead  of  being 
exactly  in  step  with  the  P.D.  on  the  terminals  of  the  transformer 
it  is  slightly  in  advance  of  it. 

Subsequently  tp  the  date  of  the  experiments  above  recorded, 
Mr.  Swinburne  sent  a  second  wattmeter  of  similar  character,  but 
differing  from  the  first  sent  in  that  it  had  an  ebonite  outer  case 
and  the  metal  frame  carrying  the  fixed  or  series  coil  was  insulated 
at  the  top  and  bottom  by  ebonite  distance  pieces.  This  second  watt- 
meter was  carefully  compared  with  the  first  one  and  with  our  own 
dynamometer  wattmeter.  The  three  wattmeters  were  stand- 
ardised, and  their  constants  determined  by  noting  the  instru- 
mental readings  when  the  instruments  were  set  to  read  the  known 
power  taken  up  in  the  standard  inductionless  platinoid  resistance 
arranged  to  absorb  600  watts  at  a  P.D.  of  2,400  between  its 
terminals.  The  so-calibrated  wattmeters  were  then  set  to  read 
the  power  taken  up  in  the  3,000-watt  "hedgehog"  on  open 
circuit,  the  Swinburne  condenser,  the  old  Ferranti  1,850- watt 
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transformer,  the  Kapp  and  Thomson-Houston  transformers.     The 
results  are  given  in  the  table  below. 

TaMe  XXXVI. 
Comparison  of  Wattmeter  Headings  on  various  Circuits. 


Reading  of 
Dynamo- 
meter 

Wattmeter, 
in  WattB. 

Readings  of  Swinbnrne  Wattmeten, 
in  Watts. 

Object  Tested. 

Second 
Pattern. 

First  Pattern. 

Case  on. 

Oase  off. 

600 
114 
15 
114 
156 
303 

600 
106 
20 
99 
154 
282 

600 
57 
46 
83 

112 

600 
68 

Standard  resistance. 

3,000-watt  "  hedgehog." 

Condenser. 

i  Thomson-Houston        ' 

\     transformer, 

Kapp  transformer.           | 

Ferranti  transformer. 

1 

It  is  clear  from  the  above  observations  that  the  second  uratt- 
meter  with  ebonite  case  agrees  much  more  nearly  with  the 
dynamometer  wattmeter  than  does  the  first  having  a  brass  case. 
The  differences  between  the  second  wattmeter  and  the  dynamo- 
meter are  quite  within  the  limits  of  errors  of  observation,  seeing 
that  the  instrumental  reading  for  15  watts  is  only  about  0*5  of  a 
scale  division  on  all  instruments.  It  is  evident,  therefore,  that 
the  second  wattmeter  sent  by  Mr.  Swinburne  is  a  very  different 
instrument  from  the  first  one.  The  writer  is  unable  to  say 
whether  it  differs  in  any  way  from  the  first  one  except  in  having 
an  ebonite  instead  of  metal  case  and  in  having  the  metal  supports 
of  the  series  coil  insulated,  but  it  is  obvious  that  the  displacement 
of  phase  of  the  shunt  current  no  longer  takes  place.  According  to 
the  view  above  stated,  this  displacement  is  the  consequence  of  a 
capacity  effect.  It  is  difficult  to  see  how  eddy-currents  set  up  in 
any  metal  near  the  movable  coil  could  create  the  observed  defects 
in  accuracy ;  because,  although  these  might  weaken  the  resultant 
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field  in  which  the  movable  bobbin  hangs  and  so  make  the  7/att- 
meter  readings  too  low,  we  have  to  account  also  for  the  fact  that 
the  first  wattmeter  reads  too  much  on  a  condenser.  It  is  evident, 
however,  that  the  second  wattmeter  Mr.  Swinburne  sent  me  is  a 
fairly  accurate  instrument,  whereas  the  first  one  is  quite  un- 
reliable on  circuits  of  small  power-factor. 

Before  we  christen  a  wattmeter  a  "  non-inductive  wattmeter," 
it  should  be  carefully  tested  on  inductive  circuits  of  small  power- 
tekctor  and  large  capacity  or  inductance. 

Vn.— General  Eemarks  on  the  Use  of  Dynamometer  Watt- 

METEBS  TO  MEASURE  AltERNATING-CuRRENT  POWER. 

'^  The  foregoing  experiments  impressed  upon  us  the  necessity 
for  caution  in  concluding  that  any  wattmeter  of  the  dynamometer 
pattern,  and  however  made,  would  give  correct  readings  of  the 
alternating-current  power  taken  up  in  an  inductive  circuit.  If  we 
consider  a  simple  harmonic  current,  I,  in,  and  potential  difference, 
V,  at  the  ends  of  such  an  inductive  circuit,  then  the  mean  value 
of  power,  W,  taken  up  in  the  circuit  is  ^  I  V  cos  <f>,  where  I  and  V 
are  the  maximum  values  during  the  period,  and  ^  is  the  phase 
difference  of  I  and  V.  If  <f>  varies,  then  the  rate  at  which 
the  measurements  of  the  power  W  is  varied!  is  expressed  by 
d  W/ d  <^  =  —  J  I  V  sin  ^,  and  the  ratio  of  ci W/ W  is  therefore 
equal  to  —  tan  <f}  d  <f}.  Hence  a  small  change  in  ^  produces  a 
greater  effect  on  the  value  of  the  error  in  measuring  the  resulting 
power  in  proportion  as  <f)  increases  from  0®  to  90°. 

In  the  case  of  an  open-circuit  transformer  there  is  a  very 
considerable  difference  of  phase  between  the  primary  current  at 
no  secondary  load  and  the  difference  of  potential  between  the 
primary  terminals. 

Accordingly,  if  a  wattmeter  of  the  dynamometer  type  is 
applied  to  measure  the  power  being  taken  up  in  such  a  transformer 
at  no  load,  there  is  a  correspondingly  great  difference^between  the 
phases  of  the  currents  in  the  shunt  and  series  coils  of^.the  watt- 
meter. If,  then,  either  by  reason  of  capacity  or  inductance  in  the 
shunt  circuit,  the  phase  of  the  shunt  current  is  displaced  by  a 
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small  amount,  the  percentage  change  so  introduced  into  the  mean 
product  of  the  currents — i.g,,  into  the  wattmeter  reading— ia 
much  larger  than  if  the  instrument  was  being  used  on  a  tran&- 
former  of  large  power-factor. 

Hence  in  the  employment  of  such  a  wattmeter  it  is  desirable 
that  the  movable  part  of  the   shunt  circuit   should   have  very 
few  turns,  and  that  all  metal  framework  near  it  be  avoided. 
Generally  speaking,  it  will  then  be  difficult  to  bestow  upon,  the 
shunt  coil  sufficient  magnetic  moment  unless  the  current  in  it 
is  comparatively  large.     This  means  that  considerable  power  will 
be  dissipated  in  the  wattmeter  itself.     It  is  better,  however, 
to  employ  a  wattmeter  which  uses  up  a  few  horse-power  and 
obtain  accurate  results  with  it,  than  reduce  its  shunt  current 
to  a  small  value  and  introduce  sources  of  error.     It  is  as  necessary 
to  avoid  capacity  as  to  annul  self-induction  in  the  shunt  circuit. 
As  to  the  external  non-inductive  resistance  in  series  with  the 
shunt  coil,  we  have,  as  seen,  always  preferred  to  employ  a  series 
of  incandescence  lamps.     There  is  no  difficulty  in  doing  this 
when  the  means  exist  for  keeping  the  P.D.  between  the  primary 
mains  constant.    Large  circuits  of  incandescence  lamps  in  series 
are,  however,  rather    unwieldy  and    expensive.      I  have  been 
experimenting  lately  with  oUier  methods  to  obtain  the  necessary 
non-inductive  resistance  for  the  external   shunt  circuit  of  the 
wattmeter  cheaply  and  in  a  compact  form.      The  conclusion 
arrived  at,  however,  is  that,  with  proper  precautions,  a  suitable 
dynamometer  wattmeter  is  a  very  useful  instrument  to  employ 
for  measuring  in  a  practical,  workshop-like  way  the  power  being 
taken  up  in  inductive  circuits,  and  that  it  is  miich  more  easy 
to  manage  than  any  of  the  many  other  complex  methods  which 
look  so  well  on  paper  and  are  so  difficult  to  carry  out  satisfactorily 
in  real  life.    In  any  case,  a  practically  non-inductive  metal  wire 
resistance  is  necessary  wherewith  to  standardise  the  wattmeter 
in  situ  and  before  use;  and  if  the  movable  coil  has  very  few  turns, 
and  no  metal  near  it,  and  the  external  shunt  circuit  is  of  proper 
kind,  excellent  results  in  measuring  alternating-current  power 
may  be  obtained  with  it. 
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VIII. — ^Experiments  on  the  Magnetic  Behaviour  of  Trans- 
formers AT  THE  Moment  of  Connecting  them  to  a 
Circuit. 

More  than  fourteen  months  ago  I  carried  out  a  series  of  experi- 
ments and  observations  on  the  behaviour  of  transformers  at  the 
moment  of  switching  them  on  to  a  "  live  '*  circuit,  and  which  are, 
I  venture  to  think,  of  some  practical  importance.  They  arose  out 
of  facts  which  came  to  my  notice  regarding  instances  of  sudden 
failure  of  transformers  at  the  instant  of  closing  the  primary 
switch.  Transformers  have  been  known  to  be  pierced  or  to  break 
down  on  switching  on  after  having  worked  well  for  a  long  time* 
To  investigate  the  behaviour  of  transformers  at  the  moment  of 
closing  the  primary  switch  and  connecting  them  to  a  high- 
pressure  "  live  "  circuit,  the  following  experiments  were  tried : — 

Exp.  1. — ^The  secondary  circuit  of  a  4-inch  spark  induction 
coil  (kindly  lent  by  Mr.  Apps)  was  closed  by  a  vacuum  tube  of 
a  very  sensitive  kind.  It  had  long  overlapping  platinum 
electrodes.  The  ordinary  primary  coil  with  iron  core  was  removed, 
and  its  place  filled  by  a  bobbin  of  12,000  turns  of  insulated  copper 
wire  wound  on  a  wooden  core.  This  primary  coil  could  be  slid 
into  or  out  of  the  secondary  coil.  The  primary  coil  was  placed 
in  series  with  the  primary  circuit  of  a  40-H.P.  transformer,  the 
^^magnetising  current"  of  which  was  0*137  ampere.  When  the 
transformer  had  its  secondary  circuit  open,  this  magnetising 
current  in  the  primary  flowing  through  the  primary  coil  of  the 
induction  bobbin  just  sufficed  to  keep  up  a  glow,  visible  in  the 
dark,  in  the  vacuum  tube.  The  primary  coil  of  the  induction 
bobbin  was  then  withdrawn  from  the  secondary  imtil  the  glow 
in  the  tube  just  disappeared.  Under  these  circumstances  the 
vacuum  tube  was  an  exceedingly  delicate  detector  of  any  sudden 
increase  in  the  primary  current.  If  the  primary  circuit  of  the 
transformer  was  then  suddenly  and  frequently  opened  and  closed 
by  a  switch,  it  was  found  that  at  intervals,  on  some  occasions  of 
closing  the  primary  switch,  the  vacuum  tube  flashed  up  brilliantly, 
thus  showing  that  a  rush  of  current  fax  exceeding  the  normal 
magnetising  current  took  place  into  the  transformer  on  some 
occasions  when  the  primary  switch  was  closed. 
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Exp.  2. — Another  way  of  detecting  this  rush  of  current  is  to 
insert  in  the  primary  circuit  of  the  transformer  an  incandescent 
lamp,  which  is  brought  to  proper  incandescence  by  the  normal 
magnetising  current  of  the  transformer.  Thus,  in  one  of  our 
experiments,  a  10-candle  incandescent  lamp,  taking  0*33  ampere, 
was  placed  in  the  primary  circuit  of  a  5-H.P,  transformer,  the 
magnetising  current  of  which  was  0*35  ampere.  When  the 
secondary  circuit  of  the  transformer  was  left  open  and  the 
primary  switch  suddenly  closed,  on  most  occasions  the  lamp  came 
quietly  to  normal  incandescence ;  but  on  some  occasions,  on  closing 
the  primary  switch,  the  lamp  flashed  up  brilliantly,  so  much  so  as 
to  blacken  the  glass,  and  in  some  cases  even  to  break  the  filament. 
This  experiment  showed  in  a  striking  manner  the  sudden  rush  of 
current  into  the  transformer  on  closing  the  primary  switch. 

Exp.  3. — In  another  experiment,  a  Kelvin  centiampere  balance 
was  inserted  in  the  primary  circuit  of  a  40-H.P.  transformer,  of 
which  the  normal  magnetising  current  was  0*137  ampere.  The 
balance  was  adjusted  so  as  to  be  in  equilibrium  when  this  current 
was  passing,  and  the  primary  current  was  then  switched  on 
frequently.  On  some  occasions  the  balance  was  thrown  up 
violently,  even  when  the  weight  was  moved  into  positions  corre- 
sponding to  5  or  10  amperes.  In  one  case,  the  weight  being  at 
the  position  corresponding  to  10  amperes  on  the  balance,  the 
balance  was  thrown  up  violently  at  the  third  switch-on.  On 
other  occasions,  the  weight  being  at  the  position  corresponding 
to  10  amperes,  the  balance  was  thrown  up  at  the  5th,  11th,  and 
13th  time  of  switching  on,  whilst  on  the  other  occasions  it  was 
not  moved.  In  one  instance  the  beam  of  the  balance  was  thrown 
up  so  violently  that  the  weight,  having  a  mass  of  about  66 
grammes,  was  completely  thrown  off  the  scale  pan ;  thus  indicating 
that  on  that  occasion  an  immense  rush  of  current  passed  in  the 
transformer  at  the  moment  of  closing  the  primary  switch,  but 
which  current  sank  again  almost  instantly  to  the  steady  value  of 
0*137  of  an  ampere. 

Eocp.  4. — ^The  safest  and  by  fisir  the  most  convenient  method 
of  showing  this  rush  of  current  was  found  to  be  the  employment 
of  a  simple  form  of  djmamometer  placed  in  the  primary  circuit. 
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Two  flat  coils  were  constructed  of  No.  20  covered  copper  wire, 
each  coil  having  23  turns  coiled  up  as  a  sailor  coils  a  rope,  the 
external  diameter  of  the  coil  being  5\  inches.  These  flat  coils 
were  suspended  by  silk  ribbons  on  a  vertical  plane,  facing  one 
another.  The  coils  had  straws  cemented  to  them,  which  hung 
down  like  the  leaves  of  a  gold-leaf  electroscrope.  By  means  of 
flexible  connections,  the  primary  current  of  the  transformer  could 
be  passing  through  both  coils  in  series  in  such  a  direction  that 
the  coils  tended  to  repel  one  another  when  the  current  was 
passing.  The  weight  of  the  coils  was  such  that  when  the  normal 
magnetising  current  of  the  transformer  was  passing  the  repulsion 
was  hardly  visible.  On  switching  on  and  oflF  the  primary  current 
a  great  many  times,  on  certain  occasions  the  coils  were  flowing 
widely  apart,  so  that  the  straws,  which  were  about  8  inches  long, 
diverged  from  one  another  like  the  leaves  of  a  gold-leaf  electro- 
scope when  an  excited  glass  rod  is  brought  near  them;  the 
divergence  being  such  as  to  cause  the  tips  of  the  straws  to 
separate  about  6  inches.  This  arrangement  could  be  conveniently 
inserted  in  the  primary  circuit  of  any  transformer,  and  adjusted 
so  as  to  show  the  sudden  rush  of  current  on  some  occasions  when 
the  primary  circuit  was  closed. 

Eayp.  5. — On  those  occasions  when  the  sudden  rush  into  the 
transformer  took  place,  a  violent  thump,  or  knock,  was  heard  in 
the  transformer.  The  suggestion  was  made  by  Mr.  Partridge  to 
employ  a  wooden  rod  pressed  against  the  transformer  in  order  to 
listen  to  the  internal  sounds.  Accordingly,  a  transformer  stetho- 
scope was  constructed,  consisting  of  a  rod  of  deal  with  a  piece  of 
ebonite  on  one  end  and  a  circular  disc  of  pine  on  the  other.  By 
pressing  the  ebonite  against  the  iron  core  of  the  transformer  and 
putting  the  ear  against  the  wooden  disc,  it  was  found  possible  to 
study  these  internal  noises  in  the  transformer.  On  listening  to 
the  character  of  the  sound  made  on  switching  on  a  iransformer,  it 
was  found  that  on  some  occasions  there  was  hardly  any  noise ;  on 
others,  a  slight  knock,  or  thump,  or  loud  tick ;  and  on  others,  a  still 
more  violent  noise ;  and  the  violent  noise  alvrays  occurred  when  the 
other  appliances  showed  a  sudden  rush  of  current  taking  place  into 
the  transformer.    It  is  clear,  therefore,  from  these  experiments  that 
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something  peculiar  happens  on  some  occasions  on  closing  the 
primary  switch  of  a  transformer  having  an  open  secondary  circoit, 
at  the  moment  when  the  primary  current  is  connected  to  the 
**  live  ^  circuit.  On  considering  the  matter  carefully,  it  became 
evident  that  the  conditions  imder  which  the  transformer  is  dis- 
connected from  the  circuit  must  determine  what  happens  when 
that  transformer  is  re-connected  to  the  circuit.  If  the  current  is 
flowing  into  the  primary  circuit  of  a  transformer,  and  the  switch  is 
opened,  as  long  as  the  arc  continues  at  the  switch,  so  long  does 
the  alternating  current  produce  in  the  iron  core  an  alternating 
magnetism ;  but,  at  some  instant,  the  arc  breaks  suddenly,  and  the 
primary  current  is  then  interrupted.  The  transformer,  therefore, 
is  left  magnetised  in  some  particular  phase — either  strongly  magne- 
tised one  way  or  the  other,  or,  perhaps,  not  magnetised  at  all, 
depending  on  the  phase  of  the  current  when  the  current  finally 
ceases.  It  is  clear  that  on  switching  on  the  current  again  the 
switch  must  be  closed  in  some  particular  phase  of  the  pressure, 
and  that,  therefore,  the  in-coming  current  finds  the  iron  of  the 
transformer  already  in  a  magnetic  condition.  It  may  be  that  the 
magnetism  of  the  iron  is  in  such  a  direction  that  the  current  is 
able  to  produce  instantly  the  necessaiy  counter  electro-motive 
force  to  keep  down  the  current  to  its  normal  mean  value ;  but  it 
may  be  that  the  magnetism  of  the  core  is  in  such  a  direction  that 
the  first  change  which  takes  place  in  the  magnetic  condition  of 
the  core  is  one  which,  so  far  from  introducing  a  back  electro-motive 
force  into  the  primary  circuit,  actually  assists  the  current.  In 
other  words,  the  self-induction  of  the  transformer  is  non-existent 
for  the  first  moment,  and  imtil  the  ciurent  has  got  the  core  into 
proper  magnetic  condition,  in  proper  relative  step  with  itself, 
there  is  not  sufficient  impedance  in  the  primary  coil  to  prevent 
the  impressed  electro-motive  force  making  just  whatever  current 
it  can,  so  far  as  the  true,  or  '^  ohmic,"  resistance  of  the  primary 
circuit  will  allow.  Under  these  conditions,  therefore,  it  is  evident 
that  there  must  be  a  great  rush  of  current  into  the  transformer, 
until  the  impedance  is  built  up  by  the  magnetism  of  the  core 
falling  into  proper  relative  step  with  the  current. 

Eayp.  6. — ^It  was  considered  advisable  to  find  out  whether  this 
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sudden  rash  of  current  into  the  transformer  was  accompanied  by 
an  increased  potential  diflFerence  between  the  primary  terlninals 
of  the  transformer ;  accordingly,  the  induction  coil  and  vacuum 
tube  employed  in  Experiment  1  were  arranged  so  that  the  primary 
circuit  of  the  induction  coil  was  in  series  with  a  non-inductive 
resistance  placed  aclross  the  primary  mains,  in  parallel  with  the 
primary  circuit  of  the  transformer.  It  was  expected  that  if  a 
rise  of  pressure  took  place  on  switching  on  the  transformer,  the 
vacuum  tube  would  indicate  it  by  flashing  up ;  but  the  experiment 
failed  to  indicate  any  rise  of  pressure,  even  when  the  primary 
coil  of  the  induction  coil  was  adjusted  as  carefully  as  possible  to 
show  any  increase  in  pressure  between  the  primary  mains. 

Exp.  7.— The  following  method  was  then  tried : — Two  brass 
balls,  about  1  centimetre  in  diameter,  carried  by  horizontal 
screws,  having  24  threads  to  the  inch,  passed  through  fixed  nuts 
on  an  insulating  stand.  One  of  these  screws  had  a  large  divided 
ebonite  head,  or  arm,  to  serve  both  as  a  handle  and  an  index. 
This  discharger  was  placed  in  series  with  a  primary  fuse  across 
the  primary  mains,  in  parallel  with  the  transformer.  The  balls 
were  then  screwed  up  until  just  in  physical  contact,  and  after- 
wards separated  by  such  a  distance  that  the  alternating  pressure 
employed  between  the  primary  mains — ^namely,  2,400  volts — just 
could  spark  across  the  distance.  This  sparking  distance  was 
found  to  be  about  three-quarters  of  a  millimetre.  Having 
determined  this  sparking  distance,  the  balls  were  further  separated 
by  such  a  small  amount  as  just  to  prevent  the  normal  pressure 
from  sparking  across.  This  arrangement  being  kept  in  parallel 
with  the  primary  circuit  of  the  transformer,  the  primary  current 
was  then  switched  on  and  off  a  good  many  times,  and  on  some 
occasions  the  spark  jumped  across  the  spark  balls  at  their 
increased  distance,  thus  showing  an  increase  of  pressure.  The 
greatest  distance  between  the  balls  across  which  the  spark  was 
found  capable  of  jumping  was  0*84  of  a  millimetre.  Other 
experiments  were  made  to  determine  what  alternating  pressure 
would  jump  across  this  increased  distance.  It  was  found  to  be 
something  not  exceeding  4,000  volts. 

The  above  experiments  were  varied  in  many  ways,  but  they 
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all  went  to  prove  that  at  the  instant  of  switching  the  transformer 
with  an  open  secondary  circuit  on  to  the  primary  mains,  a  sudden 
rush  of  current  may  take  place  into  the  transformer,  and  a  sudden 
rise  of  pressure  at  the  terminals  of  the  transformer. 

Exp.  8. — It  was  deemed  advisable  to  ascertain  whether  the 
rush  of  current  into  the  transformer  was  a  continuous  rush — that 
is  to  say,  a  rush  all  in  one  direction,  lasting  over  a  certain 
fraction  of  a  second — or  whether  it  was  an  alternating  rush — ^that 
is  to  say,  a  great  increase  of  current,  but  at  the  same  time  main- 
taining the  normal  alternations.  In  order  to  settle  this  point, 
the  flat  coils  before  described  in  Experiment  4  were  arranged  so 
that  the  primary  current  of  the  transformer  flowed  through  one 
coil,  whilst  the  other  coil  was  traversed  by  a  continuous  current 
produced  by  a  secondary  battery.  If  the  rush  of  current  into  the 
transformer  is  a  current  always  in  the  same  direction,  lasting  a 
sensible  fraction  of  a  second,  it  was  thought  probable  that  a 
repulsion  would  take  place  between  the  two  coils,  one  traversed  by 
the  steady  current,  and  the  other  traversed  by  a  current  into 
the  transformer;  but  no  such  repulsion  was  found  under  any 
circumstances. 

It  seems  probable,  therefore,  that  this  rush  of  current  is  an 
alternating  rush,  and  that  it  is  simply  due  to  the  fact  that  until 
the  magnetisation  of  the  core  has  settled  down  into  the 
proper  condition,  the  impressed  alternating  electro-motive  force 
produces  whatever  current  it  can  through  the  primary  coil,  being 
only  limited  in  so  doing  by  the  true  resistance  of  the  primary  coil. 

Eoffp.  9. — It  was  considered  important  to  ascertain  how  this 
rush  into  the  transformer  could  be  prevented.  It  is  obvious  that 
it  can  be  entirely  destroyed  by  inserting  a  suflScient  non-inductive 
resist€mce  into  the  primary  circuit,  which  is  gradually  removed  in 
place  of  suddenly  closing  the  switch. 

A  better  method,  however,  was  suggested  by  Mr.  Reginald 
Brougham — ^that  is,  to  wind  on  the  transformer  a  small  tertiary 
circuit.  This  tertiary  circuit  is  made  to  take  current  firom 
another  small  transformer,  which  is  kept  in  permanent  connection 
with  the  primary  main,  and  by  means  of  which  the  core  of  the 
transformer  to  be  connected  is  magnetised  in  the  proper  manner 
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and  in  the  proper  direction  for  producing  instantly  the  necessary 
opposing  electro-motive  force  in  the  primary  circuit  when  the 
primary  switch  of  that  transformer  is  closed.  When  this  is  done, 
there  is  never  any  "  bang,"  or  sudden  current-rush,  on  closing  the 
primary  switch  of  the  transformer  under  test.  As  a  matter  of 
&ct,  it  has  been  found  that  when  a  bank  of  transformers  is  being 
fed  from  one  primary  circuit,  and  feeding  their  secondary  currents 
into  one  secondary  circuit,  then,  provided  that  one  of  the 
transformers  of  the  lot  is  kept  connected  both  to  the  primary  and 
secondary  sides,  it  is  amply  suflBcient  to  proceed  in  the  following 
manner  in  connecting  in  other  transformers,  in  order  to  obtain 
perfect  immimity  from  any  harmful  rush  of  current : — The  trans- 
former to  be  connected  to  the  circuit  is  connected  first  on  the 
secondary  side,  and  although  this  process  does  produce  a  rush  of 
secondary  current  back  into  the  transformer,  yet,  nevertheless, 
the  rises  of  pressure  that  take  place  never  seem  to  be  very  serious. 
The  transformer  core  being  thus  magnetised  in  proper  relative 
step  with  the  primary  pressure,  the  primary  circuit  can  be  closed, 
and  under  no  conditions  then  will  there  be  any  sudden  rush  of 
current  into  the  transformer. 

JEayp.  10. — ^Many  experiments  were  tried  to  find  out  what  was 
the  minimum  resistance  necessary  to  prevent  this  rush  in  the 
various  sizes  of  transformers.  It  is  obvious  that  a  switch  which 
closes  the  primary  circuit,  first  by  introducing  resistance,  and  then 
gradually  removing  it,  will  sufl&ciently  prevent  any  obnoxious 
rush  of  current  into  the  transformer,  because  the  impressed 
electro-motive  force  is  held  back,  as  it  were,  by  the  additional 
resistance  from  producing  excessive  current  until  the  magnetism 
of  the  core  has  had  time  to  fall  into  proper  step. 

Eaq).  1 1. — Many  effects  due  to  similar  causes  can  be  produced 
in  open  magnetic  circuit  transformers.  In  switching  off  an  open- 
circuit  transformer,  such  as  the  "  hedgehog,"  when  the  secondary 
of  the  transformer  is  on  open  circuit,  a  very  strong  arcing  is  some- 
times observed  at  the  switch ;  and  the  shorter  the  magnetic  circuit 
of  the  transformer,  the  worse  does  this  effect  become* 

On  one  occasion  I  had  brought  to  my  notice  an  experimental 
transformer  of  an  open-circuit  type,  the  iron  core  of  which  was 
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remarkably  short  in  comparison  with  its  width.  This  transformer 
had  a  remarkable  property — that,  after  having  been  connected  to 
the  primary  circuit,  it  could  not  be  disconnected  as  long  as  the 
secondary  circuit  of  the  transformer  was  open,  without  making  an 
immense  arc  at  the  switch. 

The  rough  explanation  of  this  feu^t  appears  to  be  as  follows : — 
In  the  open  magnetic  circuit  transformer,  especially  if  the  iron 
part  of  the  magnetic  circuit  is  very  short,  the  average  value  of 
the  rate  of  change  of  induction  or  of  the  back  electro-motive 
force  decreases   much   more   rapidly  as  the  mean  valne  of  the 
current  decreases  than  is  the  case  in  closed  magnetic  circuit 
transformers.     Hence,  when  in  the  case  of  the  first-named  trans- 
former the  primary  switch  is  opened,  the  immediate  reduction  of 
the  primary   current-strength  removes  the  greater  part  of  the 
back  electro-motive  force,  or  opposing  counter  electro-motive  force 
of  induction,  and  greatly  increases,  therefore,  the  resultant  electro- 
motive force  in  that  circuit.     An  arc,  therefore,  continues  to  follow 
the  switch  points  as  they  open,  for  a  considerable  distance.    In  the 
case  of  the  closed  magnetic  circuit  transformer  this  is  not  the  case. 
The  initial  reduction   of  the   current-strength   as  the  primary 
switch  opens  is  not  accompanied  by  so  great  a  reduction  in  the 
mean  rate  of  change  of  the  induction,  and,  therefore,  of  the  back 
electro-motive  force.      The  resultant  electro-motive  force  in  the 
circuit  does  not,  therefore,  rise  much,  and  the  switch  points  are 
soon  beyond  the  distance  at  which  an  arc  can  be  maintained. 

Such  an  arcing  can  be  subdued  in  the  case  of  a  very  short  iron 
magnetic  circuit  transformer  by  closing  the  secondary  circuit. 
The  mutual  induction  of  the  circuit  then  assists  in  creating  a 
greater  back  electro-motive  force  in  the  primary  circuit,  and  so 
keeps  the  resultant  electro-motive  force  small  as  the  switch 
points  open. 

There  are  several  effects  of  this  kind  observable  in  the  process 
of  connecting  or  disconnecting  large  condensers  to  or  firom  high- 
pressure  alternating  circuits.  There  is,  in  fiewt,  always  a  risk  of 
breaking  down  large  condensers  at  the  moment  of  putting  them 
on  or  off  alternating-current  circuits,  and  this  appears  to  be 
connected  with  a  peculiar  behaviour  of  an  altemating-current  arc 
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between   metallic   surfaces,  in  virtue   of  which   it  acts   like   a 
resistance  of  large  self-induction. 

Conclusion. 

There  are  very  many  derivative  matters  which,  if  space  per- 
mitted, might  be  discussed  as  consequences  of  facts  observed  in 
the  course  of  the  above-described  researches.  It  is  evident,  for 
instance,  that  the  last  word  has  by  no  means  been  said  on  the 
subject  of  design  of  transformers.  I  have  every  hope  that  before 
long  transformer  manufacturers  may  be  able  to  produce  trans- 
formers of  25  H.P.  and  upwards  having  close  upon  90  per  cent, 
efficiency  at  one-tenth  of  full  load.  When  that  is  done,  it  will  be 
interesting  to  repeat  some  of  those  calculations  which  have  already 
been  made  as  to  the  relative  cost  of  delivering  a  certain  number 
of  thousand  units  on  an  average  load  diagram,  say  for  distances 
of  1,000,  2,000,  3,000  yards,  &c.,  by  low-pressure  feeders  and  by 
highrpressiire  plus  transformer  feeders.  Calculations  of  this  kind 
can  be  made  with  some  degree  of  confidence  now  that  it  seems 
clear  that  the  iron  losses  in  transformers  are  constant  at  all  loads, 
and  that  there  is  a  definite  relation  between  this  loss  and  the 
open-circuit,  or  magnetising,  current.  We  can  hardly  regard  the 
great  controversy  of  open  versus  closed  magnetic  circuits  as 
entirely  and  definitely  settled,  but  there  is  no  reason  to  believe 
that  the  majority  of  those  who  have  designed  transformers  with 
closed  magnetic  circuits  have  been  supremely  unwise  in  their 
fbith  or  in  their  works. 

In  the  matteif  of  transformer  testing,  the  experience  gained  in 
obtaining  the  facts  brought  before  you  has  established  in  the 
writer's  mind  at  least  the  feeling  that  a  properly  constructed 
dynamometer  wattmeter  is  perhaps  the  best  workshop  instrument 
to  use  for  this  purpose,  but  that  its  personal  character  must  be 
strictly  examined  before  trusting  too  implicitly  to  the  results 
obtained  by  it. 

In  conclusion,  it  will  only  be  right  to  make  mention  of 
those  who  have  assisted  me  in  the  somewhat  arduous  work  of 
taking  the  observations  here  recorded.  The  principal  share 
of  this  has  been  borne  by  my  assistant,  Mr.  Shields,  who  has 
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worked  with  great  perseverance  und  care  for  many  months 
taking  the  actual  observations,  and  this  in  many  cases  requi 
some  painstaking  work.  He  was  assisted  at  intervals  by  Mea 
J.  and  D.  Morris,  students  in  University  College,  Lond 
especially  in  those  observations  in  which  the  careful  simultanei 
reading  of  several  instruments  was  required.  The  observati 
on  the  sudden  rush  of  current  into  transformers  were  made  for 
by  Mr.  Wordingham. 

The  facts  and  measurements  thus  obtained  have  in  all  ca 
been  sifted  and  repeated  with  the  greatest  ix)8sible  care,  with  1 
desire  to  arrive  at  conclusions  which  should  be  worthy  of  o 
fidence,  and  useful  to  those  engaged  in  transformer  manufact 
and  design. 

The  President  :  In  consequence  of  the  lateness  of  the  ho  /\^ 
the  discussion  on  this  important  paper  will  be  postponed  uiJyJ 
the  1st  of  December. 


A  ballot  for  new  members  took  place,  at  which  the  follow] 
candidates  were  elected : — 

Associates. 

Epstein,  L.  1  Guy,  George  Heli. 

Moir,  William. 


TIN 


( 


Student. 
Warden-Stevens,  Fredric  Joseph. 

The  meeting  then  adjourned. 
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W.  WiEW— The  Direction  of  Lines  of  Force  in  a  Magnetic  Field. —  W*  A,,  vol.  47, 
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Founded  1871.     Incorporated  1883. 
Vol.  XXI.  1892.  No.  102. 


The  Two  Hundred  and  Forty-fourth  Ordinary  General  Meeting 
of  the  Institution  was  held  at  the  Institution  of  Civil 
Engineers,  25,  Great  George  Street,  Westminster,  on 
Thursday  evening,  December  1st,  1892 — Prof.  W.  E. 
Ayrton,  F.R.S.,  President,  in  the  Chair. 

The  minutes  of  the  Ordinary  General  Meeting  held  on  the 
24th  November  were  read  and  approved. 

The  name  of  one  new  candidate  for  election  into  the  Institu- 
tion was  announced  and  ordered  to  be  suspended. 

Donations  to  the  Library  were  announced  as  having  been 
received  since  the  last  meeting  from  Messrs.  Macmillan  ;  Mr. 
W.  Ellis,  Member;  Mr.  W.  J.  Hancock,  member;  and  also 
from  Mr.  Preece,  an  oil  portrait  of  Lord  Kelvin ;  to  whom  the 
thanks  of  the  meeting  were  duly  accorded. 

Mr.  Fairfax  and  Mr.  Mitchell  were  appointed  scrutineers  of 
the  ballot. 

The  President  :  We  wiU  now  discuss  the  paper  by  Professor 
Fleming,  read  at  the  last  meeting,  on  ^*  Experimental  Researches 
^*on  Alternate-Current  Transformers."    Perhaps  Mr.  Swinburne 
would  like  to  open  the  discussion. 
VOL.  XXI.  48 
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Swinburne  ^^'  SwiNBDRNE :    Before  discussiDg  the  main  subject  of  Dr. 

Fleming's  paper,  1  will  make  a  few  remarks  about  the  electro- 
static voltmeters  supplied  by  my  firm.  Dr.  Fleming's  paper 
would,  quite  accidentally,  give  the  impression  that  we  sent  him 
instruments  which  would  not  work  properly.  We  sent  him  four 
instruments,  three  of  which  were  to  be  used  as  voltmeters  to  test 
the  three-voltmeter  method,  and  one  as  a  direct-reading  electro- 
static wattmeter.  They  were  ordered  for  half  the  pressures  for 
which  they  have  been  actually  employed  :  hence  the  sparking. 
We  had  previously  considered  the  question  of  using  mica  in  our 
central  station  electrostatic  voltmeters,  but,  though  an  advantage 
in  the  case  of  alternate  currents,  it  prevents  the  instruments  from 
being  calibrated  direct  from  standard  cells,  as  charges  are  apt  to 
accumulate  when  direct  pressures  are  used.  Dr.  Fleming  also 
.  finds  fault  with  the  damping  arrangement.  I  adopted  the 
electro-magnet  for  damping  because  oil  is  messy  and  troublesome. 
The  electro-magnet  arrangement  works  well  enough,  but  Dr. 
Fleming  does  not  appear  to  have  had  a  suitable  direct  current  at 
command.  The  electro-magnet  should  have  been  connected  across 
the  terminals  of  one  or  two  storage  cells.  This  instrument  was 
really  designed  as  a  direct-reading  wattmeter.  There  is  a  strong 
prejudice  against  the  electro-magnetic  wattmeter,  and  many 
people  prefer  the  three-voltmeter  method.  This  form  of  wattmeter 
is  really  three  voltmeters  in  one  instrument,  and  thus  eliminates 
errors  due  to  the  use  of  three  instruments.  For  many  experi- 
mental purposes  it  is  extremely  convenient.  It  is  very  sensitive, 
'«gid  is  a  direct-reading  instrument. 

Coming  now  to  the  more  important  parts  of  Dr.  Fleming's 
paper :  I  have  for  five  years  strongly  advocated  the  use  of  the 
dynamometer  wattmeter,  but  so  far  the  idea  of  using  a  wattmeter 
for  alternate-current  work  has  been  treated  with  ridicule.  People 
always  said  there  was  an  error  due  to  the  self-induction  of  the  fine- 
wire  circuit.  It  was  in  vain  to  say  that  the  fine-wire  circuit 
could  be  made  with  such  a  low  time  constant  that  the  error  is 
unappreciable.  People  insisted  upon  making  calculations  with 
R  and  L,  and  obstinately  refused  to  put  approximately  true  values 

—  of  R  and  L  into  their  equations  to  see  how  much  the  probfllile 
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error  really  was.  There  seems  to  be  a  strong  prejudice  against  ^r:  , 
using  a  simple  instrument  that  reads  direct.  Though  Professor 
Ayrton  and  Dr.  Sumpner  were  the  first  to  think  of  the  three-volt- 
meter method,  I  was  the  first  to  publish  it,  and  in  doing  so  I 
pointed  out  that  it  was  only  a  kind  of  scientific  curiosity,  and 
that  it  was  not  of  any  practical  value  in  comparison  with  the 
wattmeter  method.  In  spite  of  this,  its  complication,  and  the 
obvious  difficulty  in  getting  good  readings,  it  seemed  to  become 
popular  at  once.  Dr.  Fleming's  measurements,  taken  with  the 
greatest  care,  now  show  that  the  non-inductive  wattmeter  is 
much  the  best  instrument  to  use. 

Of  course  it  may  be  said  that  I  have  weakened  my  case  by 
sending  a  wattmeter  which  did  not  read  correctly.  Dr.  Fleming 
puts  this  inaccuracy  down  to  capacity  in  the  fine-wire  circuit.  I 
tried  in  vain  to  persuade  him  to  calculate  how  much  error  the 
capacity  of  the  resistance  boxes  could  give.  I  worked  it  out  my- 
self, however,  and  found  there  was  no  error  due  to  capacity.  Even 
now  Dr.  Fleming  seems  to  think  the  error  was  due  to  capacity ; 
he  locates  the  capacity  in  the  fine-wire  coil  itself.  Capacity  there 
would  make  the  instrument  read  too  high,  however,  so  that  view 
is  not  tenable.  The  real  cause  is  very  simple.  There  are  slight 
Foucault  currents  in  the  cases,  and  especially  in  the  framework, 
of  the  instruments.  With  the  primary  current  lagging  about 
a  quarter  of  a  period  behind  the  pressure,  the  Foucault  currents 
are  almost  half  a  period  out  of  step  with  the  currents  in  the 
fine-wire  circuit.  The  result  is  that  they  reduce  the  reading. 
Thifl  error,  which  is  a  small  percentage  of  the  apparent  power 
of  the  circuit  under  examination,  is  enough  to  vitiate  readings 
taken  on  a  "hedgehog"  transformer.  It  does  not  come  in  in 
cases  where  the  current  and  pressure  are  nearly  in  step.  The 
first  wattmeters  we  made,  had  no  metal  case  and  insulated 
standards,  and  they  were  carefully  checked  to  make  sure  that 
they  were  right.  The  metal  case  was  a  later  addition,  as  glass 
was  not  suitable  for  workshop  use,  and  I  did  not  think  of  the 
Foucault  current  being  more  important  in  a  wattmeter  than  in 
other  alternate-current  instruments.  As  a  matter  of  fact,  very 
.feWi  oixmr  wattmeters  have  had  metal  cases. 
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Mr.  The  general  results  of  Dr.  Fleming's  paper  are  three,  namely : 

that  a  wattmeter  is  the  best  instrument  for  measuring  power ; 
that  the  efficiency  of  a  transformer  can  be  found  by  taking  the 
no-load  loss  and  adding  the  loss  by  C*  R*to  get  the  fulUoad  loss ; 
that  the  '^  hedgehog  "  transformer  sent  him  is  not  as  good  as  I 
have  said  it  is.     The  first  two  are  very  welcome  to  me,  as  I  have 
advocated  them  both  for  the  last  five  years.      The  last  is  not  so 
pleasing.     As  to  the  "  hedgehog "  transformer  sent,  I  must  say 
at  once  that  I  believe  Dr.  Fleming's  results  to  be  quite  correct. 
They  have  been  obtained  with  great  care  and  considerable  labour, 
and  he  has  been  quite  free  from  any  partiality.    I  can  only  say  that 
he  shows  conclusively  that  the  transformer  sent  him  is  not  n«urly 
so  good  as  it  ought  to  be.     What  is  wrong  with  it  is  another 
matter.     Dr.  Fleming  points  out  fairly  enough  that  there  is  not 
reaUy  room  for  a  loss  of  100  odd  watts  in  a  small  iron  core,  and 
he  nas  come  to  the  conclusion  that  the  loss  is  due  to  Foucault 
currents  in  the  copper.     It  has  also  puzzled  me  a  great  deal.     It 
cannot  be  loss  in  the  copper.     When  Lord  Kelvin  read  his  paper 
on  the  subject  at  the  Leeds  meeting  of  the  British  Association,  I 
made  a  table  of  the  losses  of  power  in  copper  in  my  own  trans- 
formers, and  I  do  not  think  there  is  any  chance  of  an  error  there. 
This  particular  transformer  has  a  secondary  of  cable,  and  the  loss 
is  just  as  great  if  the  cable  is  removed  altogether.     Besides,  loss 
by  Foucault  currents  is  enormously  greater  at  full  load.    It  is  only 
within  the  last  day  or  two  that  I  have  found  what  I  believe  to  be 
the  cause  of  the  trouble.     In  winding  the  primary  and  secondary 
wire  considerable  tension  is  employed.     This  gives  rise  to  a  pressure 
of  no  less  than  30  tons  on  the  iron  core.     This  may  force  the  fine 
wires  into  such  close  contact  that  they  are  no  longer  insulated  from 
one  another,  so  that  the  core  acts  more  or  less  like  a  solid  cylinder 
of  iron.     Professor  Ayrton  and  Dr.  Sumpner  had  made  tests  of 
another  transformer  made  at  the  same  time,  and  they  got  the 
same  results  as  Dr.  Fleming.    As  the  results  seemed  so  different 
from   those  claimed   by  me,   they  preferred   to  consider   their 
readings  incorrect  rather  than  run  the  chance  of  damaging  my 
firm's    business  by  publishing  tests   without  being  absolutely 
■"  certain  that  they   are   right.      I  must  thank   them   for   their 
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Dr.  Fleming's  paper,  unfortunately,  does  not  really  settle  the  Mr. 
question  as  to  the  relative  superiority  of  closed  and  open  circuit 
transformers,  as  the  inefficiency  of  the  open-circuit  transformer 
sent  him  is  evidently  due  to  some  error  in  construction,  and  is 
not  inherent  in  the  type  of  transformers. 

I  would  protest  against  the  too  general  use  of  the  "  power- 
"  factor.*'  I  believe  I  was  the  first  to  suggest  this,  but  it  was  only 
as  a  very  rough  guide  for  central  station  engineers — a  guide  that 
might  be  used  with  advantage,  until  people  came  to  realise  that 
a  wattmeter  could  be  used.  As  a  means  of  taking  the  efficiency 
of  the  transformer  it  is  too  rough.  Many  transformers  have  a 
joint  in  the  iron  circuit,  and  this  would  make  a  very  large  error. 
In  addition  to  this,  the  power-iactor  depends  on  the  induction, 
and  this  on  the  frequency. 

Professor  Fleming  refers  to  one  very  important  point  which 
is  generally  overlooked  in  discussions  before  societies,  and  that  is 
the  price.  The  price  of  a  transformer  is  just  as  important  as  the. 
efficiency.  As  Dr.  Fleming  points  out,  anyone  can  make  efficient, 
transformers  if  he  is  not  limited  as  to  price.  Convenience  ancL 
ease  of  handling  are  also  of  the  greatest  importance. 

Dr.  Fleming's  method  of  finding  drop  by  waste  field  seems  to  • 
be  wrong.     I  have  already  published  a  method  of  finding  the 
drop  from  the  drawings  of  the  transformer,  which  is,  I  believe, . 
correct,  and  which   agrees  with  the  results  found  in  practice. 
The  back  electro-motive  force  producing  the  drop  is  out  of  step' 
with  the  pressure,  so  that  it  does  not  show  much  on  non-induc- 
tive circuits.    If  a  transformer  with  1  per  cent,  inductive  drop^ 
is  run  op  a  choking  coil,  it  will  be  foimd  to  have  a  drop  of  about- 
14  per  cent.;  and  on  a  condenser  its  ratio  of  transformer  will 
apparently  be  altered   so  that  it  gives  14  per  cent,  too  high 
pressure.    This  may  give  serious  trouble  when  alternate  motors 
come  into  use,  and  difficulties  are  no  doubt  felt  even  now  with 
the  multiple-current  motors  employed  abroad. 

•  I  have  never  observed  that  transformers  broke  down  on 
switching  on,  and  Dr.  Fleming's  explanation  will  not  hold  water. 
If  you  switch  o£f  a  closed-circuit  transformer  you  may  certainly 
leave  it  strongly  magnetised,  and  on  switching  on  its  residual 
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.gnetism  might  be  in  the  wrong  direction.  This  would  not 
Swinburne,  ,.low  an  enormous  primary  current  to  rush  through,  but  would 
.  merely  make  the  iron  less  permeable,  so  that  the  exciting  current 
would  at  first  be  greater.  This  would  produce  no  high  electro- 
motive force,  though.  When  the  transformer  is  in  circuit  its 
electro-motive  force  must  at  every  instant  be  the  same  as  that 
of  the  mains,  and  this  determines  the  rate  of  change  of  induction 
in  the  core.  It  is  much  more  likely  that  the  transformer  should 
break  down  on  switching  off.  It  may  be  left  with  tbe  iron 
magnetised,  as  the  hysteresis  allows  you  to  open  the  switch  with- 
out a  spark.  The  most  minute  disturbance  will  make  the  iron 
lose  its  magnetism  suddenly,  and  if  the  primary  and  secondary 
circuits  are  open,  a  well-laminated  core  may  produce  many 
thousands  of  volts  for  an  instant  and  break  down  the  insulation. 
This  cannot  occur  in  an  open-circuit  transformer,  as  the  iron  de- 
magnetises and  keeps  the  arc  going  at  the  switch  until  it  has  died 
away. 

Condensers  are  apt  to  break  down  on  opening  the  circuit. 
This  appears  to  be  due  to  quite  a  different  cause.  On  breaking, 
an  arc  is  formed,  and  this  seems  to  behave  like  acn  inductive 
circuit — i.«.,  the  current  lags  behind  the  pressure.  At  a  certain 
length  of  arc  electrical  resonance  is  produced,  and  this  breaks 
down  the  condenser.  This  is  suggested  as  an  explanation.  The 
effect  gave  us  a  great  deal  of  trouble  for  many  months,  as  a  con- 
denser broken  down  on  turning  off  did  not  give  any  outward 
sign  of  injury  until  switched  on  again;  and  as  the  pressure  cannot 
then  be  above  the  normal,  we  thought  the  condensers  were  bad, 
and  spent  many  months  and  a  great  deal  of  money  over  them. 

The  effect  of  the  open  and  closed  circuit  transformers  on  the 
working  at  switches  is  of  course  due  to  the  one  being  able  to  keep 
its  induction  by  hysteresis,  and  the  other  not. 

Finally,  I  must  congratulate  Dr.  Fleming  on  bringing  us  inch 
a  valuable  and  useful  paper,  and  I  think  the  thanks  of  the  Socity 
are  due  to  him  for  the  immense  amount  of  labour  and  trouble  ir 
volved  in  its  preparation. 
SSJ^'  Prof.  GEORaE  Forbes  :  I  have  very  few  remarks  to  make  on. 

the  subject.    This  is,  of  course,  a  paper  of  the  very  utmost  value 
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from  many  points  of  view.  The  results  which  appear  in  tl.he  Mr. 
paper  are  so  voluminous  and  so  complete,  that  really  it  leaveit 
very  little  more  to  be  said  on  the  subject.  A  great  many  people 
who  had  not  made  tests  on  transformers  before  had  a  sort  of 
belief  that  all  transformers  had  about  the  same  efficiency.  Those, 
however,  who  had  made  actual  tests  were  perfectly  well  aware 
of  the  enormous  difference  that  there  was  in  the  efficiency  of 
transformers.  I  commenced  a  series  of  tests  of  a  Westinghouse 
transformer  at  Pittsburg  in  the  year  1888,  and  I  mentioned  some 
of  the  results  before  this  Institution  in  that  year,  and  I  was 
extremely  surprised  at  the  remarkably  high  efficiency  of  those 
transformers  even  at  that  date  with  a  small  output.  Well,  the 
calorimetric  methods  which  I  introducexi  there  of  testing  them 
have  been  extended,  and  an  enormous  number  of  laboratory  ^ 

experiments  made  on  different  types  of  transformers  with  the  ^. 

object  of  improving  them  in  their  efficiency  at  different  loads,  \ 
and  I  have  had  these  results  transmitted  to  me  at  various  times, 
and  I  know  that  they  were  very  accurate,  and  I  was  aware  of  the 
very  high  efficiency  of  these  transformers.  Now  we  have  from 
Dr.  Fleming's  experiments  a  confirmation  that  these  transformers, 
and  also  the  Mordey  and  some  others,  are  of  extremely  high 
efficiency  indeed;  while  others  which  have  been  very  largely  used 
in  this  country  have  been  proved  by  these  experiments,  as  was 
known  to  many  of  us  before,  to  be  extremely  inefficient  indeed. 
One  does  not  feel  inclined  to  criticise  a  paper  of  this  value  in  any 
way  whatever  adversely,  and  in  the  results  I  am  sure  there  is 
but  little  that  we  can  find  to  criticise;  and  I  am  sure. that  with 
regard  to  anything  that  Mr.  Swinburne  has  said  which  would 
seem  to  imply  a  want  of  accuracy,  Dr.  Fleming  will  be  able 
to  r^ply  to  it  very  fully  himself  when  the  time  comes.  There 
is  one  little  remark  about  the  paper  which  I  would  like 
to  make.  I  would  suggest  that  in  other  papers  which  may 
be  read  before  this  Institution,  attention  should  be  paid  to 
this  fact.  Of  course  it  is  of  the  utmost  importance  when 
a  paper  is  read  before  us  and  we  have   such  a  large  number  » 

of  diagrams,  that  the  reference  numbers  to  the  different  figures 
should  be  bold  and  distinct,  so  that  we  can  see  them  thoroughly 
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|;«>J^r  well.  There  is  another  point  in  the  diagrams  which  is  a  matter 
of  considerable  importance,  and  that  is,  that  the  diagrams  them- 
selves should  be  visible.  Now,  when  a  paper  has  taken  such 
an  enormous  amount  of  trouble  and  labour  to  perfect  it,  I  think 
it  is  very  much  indeed  to  be  regretted  that  these  diagrams 
were  not  drawn  on  a  suflSciently  large  scale  that  some  of  the 
audience  at  least  may  be  able  to  see  the  curves.  The  point 
which  everybody  has  been  aiming  at  in  the  design  of  trans- 
formers in  the  past  has  been  to  make  the  efficiency  at  low 
loads  as  high  as  possible;  and  so  long  as  the  present  system 
of  using  transformers  with  separate  wipes  in  each  house  was 
employed,  that  was  certainly  the  most  important  thing,  because 
a  transformer  during  the  greater  part  of  the  24  hours  is  not 
working  at  its  full  load  or  anything  like  it,  and  for  the  greater 
part  of  the  time  it  has  no  load  at  all,  and  if  the  losses  under 
these  conditions  are  great,  of  course  the  total  efficiency  of  the 
system  becomes  very  low  indeed.  Great  attention  has  justly 
been  paid  to  making  transformers  with  these  properties,  but  it 
may  turn  out — it  seems  probable  that  there  is  a  consensus  of 
opinion  at  present — that  in  the  immediate  future,  when  the 
houses  which  are  taking  electric  light  are  much  more  closely 
grouped  together  than  they  have  been  in  the  past,  that  then 
we  shall  require  secondary  mains  going  in  front  of  the  houses, — 
that  we  shall  have  sub-stations  with  much  larger  transformers, 
capable  of  regulation  either  automatically  or  by  hand.  If  that 
is  the  case,  then  the  efficiency  of  the  transformer  at  low  load 
is  not  of  so  very  paramount  importance.  I  wish  to  draw  your 
attention  to  another  case  where  the  efficiency  at  low  loads  is 
not  of  so  very  much  importance,  and  that  is  in  the  utilisation 
of  water  power  for  transmission  to  distances;  especially  when 
we  are  using  transformers  of  considerable  size  this  becomes  an 
important  matter.  The  difference  in  design  of  a  transformer 
to  give  you  a  very  high  efficiency  at  full  load,  or  a  good  effi- 
ciency at  nearly  every  load,  and  the  difference  in  construction, 
consist  in  the  relative  proportions  of  copper  and  iron.  If  we 
■^  wish  to  get  these  excellent  results  at  low  load,  we  must  put  in  a 
larger  proportion  of  copper ;  whereas  if  we  are  content  to  have  a 
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high  efficiency  at  the  very  large  loads,  then  we  can  put  in  a  Professor 
much  smaller  quantity  of  copper  and  a  certain  larger  quantity 
of  iron.  That  is,  of  course,  a  cause  of  enormous  reduction  in  the 
cost  of  transforming.  Now  in  the  case  of  a  transmission  of 
power  the  cost  of  the  transformer  is  very  great  indeed.  Consider 
the  cost  of  a  transmission  of  power  from  Niagara  Falls  to  Buffalo,  "" 

where  we  are  using  units  of  5,000  H.P.  There,  if  we  were 
to  use  alternating  currents,  we  should  be  using  a  step-up  trans- 
former at  Niagara  Falls  and  a  step-down  transformer  at  Buffalo. 
The  cost  of  each  one  of  these  transformers,  according  to  the 
estimates  put  in  up  to  the  present  time,  is  considerably  in  excess 
of  the  5,000-H.P.  dynamo  which  produces  the  current,  and 
consequently  the  two  transformers  are  nearly  three  times  the 
cost  of  the  dynamo  which  is  generating  the  current.  Now,  of 
course,  this  is  a  very  serious  item  in  the  cost  of  the  H.P.  per 
annum  at  which  it  can  be  delivered  at  Buffalo,  and  it  requires 
very  little  consideration  to  see  that  the  value  of  our  power  when 
a  small  amount  of  power  is  being  used  is  much  less  ;  that  is  to 
say,  at  low  loads  we  can  do  perfectly  well  with  a  far  lower 
efficiency  than  we  can  at  high  loads.  In  the  case  of  the 
utilisation  of  water  power,  we  want  the  highest  efficiency  we  can 
get,  when  all  the  power  is  being  delivered  at  Buffalo,  and  we 
do  not  care  much  about  the  efficiency  of  transformers  at  low 
loads.  Consequently  we  are  able  to  produce  transformers  at  an 
enormously  reduced  cost ;  I  think  it  will  come  out  something 
between  one-half  and  one-third  of  the  cost  of  transforming,  if 
they  were  made  in  the  way  they  have  been  made  for  lighting 
purposes — that  is  to  say,  to  get  as  good  an  efficiency  as  we  can 
over  the  whole  range.  I  have  just  introduced  these  remarks 
because  I  want  manufacturers  to  see  the  importance  there  is  in 
certain  cases  in  giving  us  the  very  highest  efficiency  they  can  at 
full  load  in  as  cheap  a  transformer  as  we  can  get,  without  paying 
attention  so  much  to  efficiency  at  low  loads.  At  the  same  time, 
one  of  the  great  values  of  this  paper  is  in  showing  how  very  high 
efficiencies  can  be  obtained  at  low  loads.  The  data  which  are 
given  to  us  by  Dr.  Fleming  in  this  most  valuable  paper  are 
sufficient  for  us  to  calculate  out  with  very  great  accuracy  the 
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total  efficiency  of  an  alternating-current  system  in  any  electric 
light  station,  and  until  this  paper  was  read  by  Dr.  Fleming  our 
materials  for  forming  such  an  estimate  were  very  small  indeed ; 
and  I  am  sure  everyone  here  will  join  with  me  in  thanking  Dr. 
Fleming  most  heartily  for  this  paper,  involving  so  many  laborious 
experiments,  which  he  has  given  us. 
Mr.  lupp.  Mr.   GiSBERT   Kapp  :    Mr.   President   and    gentlemen, — ^The 

very  valuable  paper  of  Dr.  Fleming  is  nominally  on  transformers, 
but  really  on  the  measurement  of  transformers;  and  in  this 
direction  I  believe  the  paper  is  quite  a  unique  document.  I  do 
not  think  there  has  ever  been  such  a  complete  series  of  measure- 
ments of  all  types  of  transformers  undertaken  with  so  much  care, 
and — if  I  may  be  allowed  to  use  a  slightly  vulgar  expression — 
without  any  "  cooking  "  whatever.  This  is  a  fact  which  detracts 
somewhat  from  the  symmetry  and  beauty  of  the  figures,  but  it 
gives  you  immense  confidence  in  their  accuracy.  I  see,  for 
instance,  in  one  or  two  cases  Dr.  Fleming  states  a  powei^&ctor 
of  100'  1 .  Now  that  is  quite  impossible,  and  some  less  conscientious 
investigators  would  have  struck  off  the  *1  and  given  100.  I  think 
we  may  look  at  this  paper  as  an  absolutely  reliable  record  of  the 
present  condition  of  transformers.  Dr.  Fleming  has  been  at 
great  trouble  to  investigate  the  accuracy  of  the  three-voltmeter 
method,  and  prefers  the  wattmeter.  At  Frankfort  all  measurements 
were  made  by  wattmeters,  and  these  instruments  have  been 
standardised  in  various  ways,  and  the  measurements  were  as 
accurate  as  possible.  But  at  the  same  time  I  should  like  to  put 
in  a  word  for  the  voltmeter  method,  the  accuracy  of  which  Dr. 
Fleming  seems  to  doubt.  I  have  made  a  great  many  experiments 
with  the  three-voltmeter  method,  using  the  same  instrument  for  the 
three  readings,  by  switching  over  into  mercury  cups,  and  I  found 
at  first  that  the  method  seemed  to  be  very  inaccurate,  but  that 
was  simply  due  to  errors  of  reading.  Now  I  take  about  18 
readings  in  order  to  determine  three  quantities — that  is  td  say,  I 
read  every  quantity  four  times — and  in  this  way  I  get  readings 
which  are  perfectly  connsistent  with  each  other,  and  which,  if* 
repeated,  give  always  the  same  result.  This  makes  me  think 
"""      that  the  three-voltmeter  method  is  perfectly  accurate,  provided  yo« 
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take  enough  time  over  it.  Since  the  paper  was  read  and  Dr.  Mr.  Kapp.. 
Fleming  pointed  out  a  possible  explanation  of  the  large  Foucault 
loss  in  the  '^hedgehog"  transformer,  I  have  made  a  test  on  a 
transformer  wound  with  very  stout  secondary  copper,  512  mils 
per  120,  and  then  exactly  the  same  core  wound  with  a  thin 
wire^  and,  curiously  enough,  the  transformer  which  had  the  stout 
wire — I  am  speaking  from  memory — gave  about  120  watts  total 
loss,  including  hysteresis,  and  that  with  very  thin  copper  wire  gave 
130;  so  I  do  not  believe  the  loss  is  in  the  copper.  The  most 
important  part  of  the  paper,  to  my  mind,  is  the  table  on  slip  26, 
in  which  Dr.  Fleming  has  grouped  together  the  efficiencies  of  the 
various  transformers  tested  at  various  loads.  Those  of  us  who 
have  to  do  with  central  station  work,  and  have  to  decide  whether 
they  should  use  alternating  current  or  continuous  current  in  any 
particular  case,  have  up  to  the  present  been  working  to  a  certain 
extent  in  the  dark.  We  knew  that  the  transformers  would  have 
less  efficiency  at  light  loads,  but  we  had  no  reliable  information. 
It  was  generally  assumed  that  transformers  at  l-20th  of  their 
output  have  a  very  poor  efficiency — 40  or  50  per  cent. — and  this 
assumption  made,  of  course,  against  the  system  of  distribu- 
tion of  which  lightly  loaded  transformers  are  a  necessary  part. 
Now  we  find  that  our  assumption  was  less  favourable  than  the 
truth;  we  see  by  these  tables  that  it  is  quite  possible  to 
have  transformers  with  75  per  cent,  efficiency  at  l-20th  of 
their  full  load,  and  as  much  as  85  per  cent,  at  1-lOth  of  thdr 
full  load*  Now  a  transformer  need  never  be  worked  below  l-20th 
of  its  load,  and  if  we  employ  sub-stations  1-lOth  will  more 
likely  be  the  minimum  load,  and  this  minimum  will  be  raised  as 
time  goes  on.  More  houses  and  different  classes  of  house  are 
put  on  the  mains,  with  the  result  that,  as  time  goes  on,  the 
different  requirements  ov^lap,  so  that  the  tendency  is  to  raise  the 
lowest  part  of  the  load  curve,  and  therefore  increase  the  efficiency 
of  distribution.  But  even  without  waiting  for  the  future  we  see 
from  Dr.  Fleming's  paper  that  the  present  requirements  can  be 
met  with  something  like  80  per  cent,  efficiency  in  the  hours  of 
lightest  load,  and  a  much  higher  efficiency  at  fair  loads.  In  other 
woids,  when  we  are  earning  least  we  are  wasting  20  per  cent.,  _ 
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Mr.  iUpp  and  when  we  are  earning  most  (that  is,  in  the  hours  of  heavy  load, 
between  six  and  half-past  eight)  we  are  getting  an  efficiency  of 
96  per  cent.,  wasting  only  4  per  cent. ;  so  that,  taking  the  whole 
efficiency  of  the  system  for  over  24  hours,  we  get  with  transformers 
actually  a  higher  distributing  Efficiency  than  with  a  continuous- 
current  system,  if  the  feeders  consume  20  per  cent,  at  the  heavy 
load.  Dr.  Fleming*s  figures  will  help  us  to  determine  in  a 
scientific  and  common-sense  manner  which  particular  system  shall 
be  used  in  any  particular  case,  and  the  whole  of  the  profession 
will  feel  that  they  have  to  be  very  grateful  to  Dr.  Fleming  for 
his  painstaking^research. 

The  President:  May  I  ask  Mr.  Kapp,  before  calling  upon 
anybody  else  to  speak,  whether  the  transformer  he  referred  to  as 
being  one  with  thick  copper  and  thin  copper  was  an  open-circuit 
transformer  or  a  closed  magnetic  circuit  transformer?  secondly, 
was  the  thick  copper  next  the  iron,  or  the  fine  wire  next  the 
iron  ?  next,  which  had  he  magnetised — ^the  iron  with  the  inner 
coil,  or  the  outer  coil  ?  because  that  would  make  a  total  differ- 
ence in  the  answer. 

Mr.  Kapp  :  A  closed-circuit  transformer.  The  thick  copper 
was  next  the  iron ;  the  thin  copper  was  outside  this,  and  was  not 
used  in  the  test  at  all.  The  power  was  supplied  at  100  volts  to 
the  thick  copper  in  one  case,  and  then  a  precisely  similar  carcase 
was  taken  and  wound  with  very  thin  copper  exactly  the  same 
number  of  turns,  and  exactly  the  same  relative  position  as  the 
thick  copper  in  the  real  transformer.  The  copper  is  not  wound 
quite  close  to  the  iron.  It  is  a  transformer  very  much  of  the 
same  kind  as  those  made  by  Brown  &  Boveri,  to  which 
Mr.  Swinburne  has  referred.  The  copper  is  wound  on  a  separate 
sleeve  and  slipped  over  the  core. 

The  President  :  Then  I  understand  you  to  say  that  you  did 
not  transform  down,  but  were  trying,  so  to  say,  to  transform  up  ? 

Mr.  Kapp:  I  did  not  use  the  fine-wire  winding  at  all;  I 
simply  supplied  the  low-pressure  coil  with  current  at  100  volts. 

The  President  :  That  is  not  the  case  quite ;   we  are  trans- 
forming down.     If  you  had  supplied  the  outer  coil,  and  trans- 
—         formed  down,  very  likely  there  would  have  been  a  different  result. 
But  I  will  go  into  that  later  on,  in  my  r^naarl^^j^yQQOQle 
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Mr.  Sydney  Evershed  :   Perhaps   I  may  remind  you  of  an  Mr. 

,         ,  -      ,       Evershed. 

old  controversy,  which  took  place  in  the  early  days  of  the 
Royal  Society,  as  to  what  happened  when  you  put  a  fish 
into  a  pail  brimful  of  water.  Most  of  the  Professors  of  that 
day  said  none  of  the  water  would  be  spilled;  others  said  it 
would.  For  the  last  three  years  a  controversy  of  a  similar 
type  has  been  raging  round  the  transformer,  and  at  last  Dr. 
Fleming  has  put  the  fish  in  the  water,  and  the  result  is  very 
much  as  it  was  in  the  old  experiment — a  good  deal  of  splashing 
and  floundering.  I  think  we  ought  not  to  allow  this  discussion 
to  close  without  making  some  comment  on  the  history  of  the 
controversy,  and  particularly  as  it  refers  to  the  constancy  of  the 
losses  in  the  iron  core  of  transformers.  In  the  very  early  days  of 
the  G-aulard  &  Gribbs  transformer  Professor  Ferraris  carried  out 
a  number  of  experiments  showing  that  the  losses  in  the  core 
actually  fell  oflF  as  the  load  was  increased.  They  even  became 
zero,  and  I  am  not  quite  sure  that  they  did  not  become 
negative.  Those  experiments  received  some  support  from  Dr. 
Fleming  himself;  he  gave  an  abstract — an  appreciative  abstract — 
of  them  in  his  book  on  alternate-current  transformers.  The  next 
feature  of  the  controversy  was  Mr.  Mordey's  experiment  with  the 
**  shilling  thermometer "  and  a  Mordey  transformer.  That  was 
a  serious  mistake,  as  many  people  told  him  at  the  time — certainly 
I  did ;  and  most  of  us  felt  that  the  experiments  of  Ferraris  and 
Mordey  were  not  credible.  But  shortly  after  that  Professor 
Ayrton  made  experiments  of  a  similar  kind,  and  confirmed  those 
results.  Well,  I  must  confess  that  when  Professor  Ayrton  lent 
the  authority  of  his  name  to  the  experiments  I  felt  some  doubts 
in  my  mind  as  to  whether  there  was  not  some  flaw  in  the  con- 
tinuity of  Nature.  However,  those  of  us  who  were  in  the  habit 
of  dealing  with  induction  in  iron,  and  particularly  iron  under 
alternate  magnetisation,  felt  that  it  was  far  more  probable  that 
there  was  some  mistake  in  Professor  Ayrton's  method  than  that 
these  three  experimenters  could  have  hit  upon  a  new  law  of 
Nature.  In  the  meantime,  in  America,  Professor  Byan  had 
practically  solved  the  whole  question.  He  experimented  in  a 
totally  new  way  on  a  live  transformer,  and  those  of  us  who  read 
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Bvershed  ^^^  rcsults — and  I  am  sorry  to  say  not  very  many  English 
engineers  take  much  notice  of  what  is  done  in  a  scientific  way  in 
America — felt  that  Professor  Byan  had  practically  settled  the 
matters  in  dispute.  He  showed  that  the  magnetising  current  was  Twt 
a  sine  function ;  that  its  form  was  exactly  what  had  been  predicted 
from  the  magnetic  cycle  performed  by  the  iron  core ;  that  the  core 
loss  was  constant  at  all  loads;  and  that  there  was  no  evidence  of  vis- 
cous hytiteresis.  A  little  while  after  that  Mr.  Swinburne  published 
his  paper  at  the  British  Association^  in  which  he  described  all 
the  essential  points  in  the  design  of  transformers.  American 
engineers  took  up  that  paper  and  Professor  Ryan's  work,  and  I 
must  confess  I  rejoice  to  see  that  the  transformer  which  comes 
out  at  the  top  of  the  tree  is  American^  and  not  English.  We 
deserve  to  be  left  behind  in  the  race,  and  the  Americans  deserve 
to  succeed.  I  may  perhaps  just  refer  to  my  own  work  in  this 
direction.  About  three  years  ago  I  calculated  the  losses  in 
various  transformers  from  my  knowledge  of  average  commercial 
iron,  and  those  transformers  come  out  almost  exactly  identical 
with  those  now  tested  by  Dr.  Fleming.  In  other  words, 
Dr.  Fleming's  experiments  are  precisely  those  I  should  have 
wished  to  carry  out  myself  in  support  of  the  theory  I  have 
always  held.  I  found  a  good  closed  transformer  might  have  an 
efficiency  of  about  94'5  per  cent. ;  that  is  to  say,  a  particular  trans- 
former discussed  in  those  articles  had  an  efficiency  of  94*5  at  fiill 
load.  If  you  opened  the  magnetic  circuit  of  that  transformer  you 
raised  its  efficiency  to  96  per  cent. — a  very  small  rise  indeed. 
But  at  1-lOth  of  full  load  as  a  closed-circuit  transformer  it  had  an 
efficiency  of  85  per  cent,  (that  is  to  say,  about  as  good  as  the  best 
of  those  tested  by  Dr.  Fleming);  and  when  that  transformer  had 
its  magnetic  circuit  opened,  I  clearly  showed  that  its  efficiency 
at  1-1 0th  of  full  load  would  be  89  per  cent.  I  cannot  help 
thinking  that  that  estimate  of  difference  between  open  and 
closed  circuit  transformers  (only  4  or  5  per  cent.)  is  more  likely  to 
be  near  the  truth  than  the  figures  so  frequently  published  by 
Mr.  Swinburne ;  and  at  the  close  of  those  articles  I  drew  attention 
to  the  fact  that  the  difference  between  open  and  closed  dicuit 

tfanrfoCTucr 8,: when  both.are  designad  on  good  lines,  is  snail;  thai, 
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unless  condensers  were  very  cheap  and  entirely  trustworthy,  there  Mr. 

was  practically  nothing  in  favour  of  open  circuit ;  and,  finally,  I 

showed  that  if  condensers  were  cheap  and  trustworthy  you  might 

just  as  well  throw  away  the  iron  core  altogether.     Some  time  ago 

Professor  Ewing  made  a  crucial  experiment  to  find  out  whether 

the    loss  in  the  core  was  or  was  not  constant  at  all  loads :  he 

found  that  it  was  absolutely  constant.     At  the  same  time,  in 

conjunction  with  Mr.  Vignoles,  I  carried  out,  and  published  the 

result  of,  a  small  experiment  proving  quite  as  conclusively  that 

there  was  no  falling  off  in  the  loss  as  you  loaded  up  a  transformer. 

It    is   rather  curious    that    nobody   took   any  notice   of  either 

Professor  Ewing's  results  or  our  own,  and  the  tide  only  turned 

when  Dr.  Hopkinson  published  some  experiments  carried  out  on  a 

similar  plan  to  Professor  Syan's,  and  showed  that,  first  of  all,  there 

is  no  viscous  hysteresis,  and,  secondly,  you  could  calculate  the 

losses   in  transformers  if  you   knew   the   cycle   the  iron   went 

through.   And  shortly  after  that  Professor  Ayrton  was  converted — 

saw  the  errors  of  his  ways,  I  suppose — and  I  have  no  doubt  at  the 

present  moment  Mr.  Mordey  has  grave  doubts  about  the  accuracy 

of  his  thermometer.     There  is  something  very  wonderful  in  the 

power  of  conversion  of  a  live   transformer,  and  I  cannot  help 

wishing  that  some  of  our  Professors  had  come  into  contact  with 

one  some  years  ago.     I  can  only  conclude  with  congpratulating 

Dr.    Fleming  very   heartily   upon   his  practical  work,  and   can 

assure  him   there   is   more  joy   in   this    Institution    over    one 

Professor  who  repents  than  over  the  ninety  and  nine  just  persons. 

Mr.  MoRDEY  then  read  the  following  communication  from, 

Mr.  W.  B.  Sayers  :— 

Mr.  W.  B.  Sayers  [communicated]  :  At  the  time  of  writing  I  Mr-  sayen. 
have  seen  only  so  much  of  Dr.  Fleming's  paper  as  is  printed  in 
the  technical  papers  for  week  ending  November  23th,  and  I 
cannot  therefore  offer  any  remarks — strictly  speaking— upon  the 
paper  itself.  At  a  time,  however,  when  questions  relating  to 
transformers  are  before  the  members  of  the  Institution,  it  is 
probably  not  inopportune  to  call  attention  to  an  undoubted  fact, 
which,  so  far  as  I  am  aweure,  has  not  up  to  the  present  been 
definitely  recognised  and  appreciated  at  full  import. 
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Evershed 


^Mr.  sayew.         Jufit  as  a   rapidly  alternating   current  tends  to   flow  more 
through  the  outer  portion  of  the  metal  of  the  conductor,  so,  con- 
versely, does  a  rapidly  alternating   magnetic  flux  tend  to  limit 
itself  to  the  skin  of  a  mass  of  iron  through  which  it  is  passing. 
If  the    annexed   figure   represents  a  piece  of  iron  in 
section  having  a  varying  magnetic  flux  passing  through 
it-  at  right  angles  to   the   plane   of  the   paper,   eddy- 
currents  (alternating,  of  course)  will  be  set  up  in  it  as 
indicated  by  the   line   drawn  inside    the  figure.     The 
current  will  of  course   be   spread   through   the   whole 
region  from  the  centre  of  the  metal  to  its  edge,  though 
not   by   any   means  evenly,   and   quite  obviously  the 
central  portion  of  the  metal  will  be  subject  to  the  de- 
magnetising eflect  of  the  whole  of  the  current,  whereas 
the  metal  near  the  surface  will  only  be  subjected  to  the 
demagnetising  effect  of  the  current  which  passes  out- 
side of  it — i.e.,   between  it   and   the  skin.      It  further  appears 
that  the  very  outer  skin  is  actually  magnetised   in   the  right 
direction  by  the  eddy-currents.    From  these   considerations  it 
appears    that   calcvZations  of  the   losses  in   transformer   cores 
which  do  not  take  into  consideration   the  increased  density  of 
the  magnetic  flux  due  to  the  crowding  towards   the   surface  of 
the  plates  may  be  more  or  less  erroneous,  according  to  whether 
the  plates  are  thicker  or  thinner,  or   the   frequency  higher  or 
lower.     May  not  the  action  referred  to  be  largely  the  cause  of 
the  divergence  between  actual  observed  losses  due  to  magnetic 
hysteresis   and    the   values   calculated   from    Professor   Ewing's 
results  on  the  supposition  that  the  magnetic  flux  is  uniformly 
distributed  in  the  core  plates  of  transformers  ? 

Mr.  EvERSHED :  May  I  just  add  a  remark,  which  follows  on 
what  Mr.  Mordey  has  just  read  ?  The  whole  of  that  question  of 
eddy-currents  in  laminae  was  gone  into  by  Professor  J.  J. 
Thomson,  and  also  by  myself  in  the  papers  I  have  referred  to, 
and  the  effect  of  the  eddy-current  in  crowding  the  induction  to 
the  outside  is  very  small.  In  an  extreme  case  the  inducticm 
density  at  the  centre  of  a  lamina  might  be  2  per  cent,  less  than 
at  the  outside. 
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The  President:  Sir  David  Salomons  has  brought  his  rapid 
alternator^  and  would  like  to  explain  it  to-night,  and  I  therefore 
think  we  should  be  doing  right  in  adjourning  the  discussion  till 
December  8th,  when  some  other  speakers  would  like  to  take  part, 
and  Dr.  Fleming  will  reply.  I  now,  therefore,  call  on  Sir  David 
Salomons  to  explain  his  alternator. 

Sir  David  Salomons:  From  my  long  connection  with  this 
Institution,  and  from  the  great  interest  I  have  always  taken  in 
its  welfare  arid  proceedings,  it  appeared  to  me  to  be  my  duty  to 
show  this  little  apparatus  to  the  members  of  the  Institution  of 
Electrical  Engineers  before  it  was  seen  by  anyone  else.  This 
machine  is  intended  to  transform  a  direct  current  at  100  volts 
into  an  alternating  current  at  200  volts,  having  a  frequency  of 
1,000,000  per  minute.  This  transformed  current  is  then  raised 
to  a  pressure  of  100,000  volts  in  the  little  oil  transformer  which 
stands  by  the  side  of  the  machine.  You  will  observe  that  the 
apparatus  has  the  appearance  of  a  miniature  dynamo  of  such  a . 
weight  that  two  men  can  easily  carry  it.  The  arrangement  of  ita 
parts  is  as  follows : —  ^ 

There  are  two  discs,  each  revolving  independently  in  its* 
bearing.  The  discs  are  overhung  so  as  to  be  capable  of  being 
brought  to  almost  touch  one  another  by  shifting  the  bearings^ 
upon  the  bed  plate,  and  grooves  are  made  in  this  plate  for  the 
jjurpose  of  being  able  to  approach  and  retire  the  bearing  standards 
easily  ;  and  shafts  are  made  in  such  a  way  that,  when  everything 
is  properly  adjusted,  there  will  be  no  danger  of  the  faces  of  the 
two  discs  coming  in  contact. 

There  are  four  terminals — two  for  attaching  the  wires  leading 
to  the  continuous-current  mains,  and  two  for  taking  off  the  high- 
frequency  current.  When  this  apparatus  is  in  action  the  discs 
revolve  in  opposite  directions,  each  having  a  speed  of 
1,500  revolutions  per  minute,  so  that  any  point  on  one  disc  passes 
any  point  on  the  other  disc  at  a  speed  equivalent  to  a  point  on 
one  disc  travelling  at  3,000  revolutions  per  minute  past  a  fixed 
point.  The  object  of  this  arrangement  is  to  obtain  the  equivalent 
of  high  speed  without  running  the  risks  attendant  on  such  a 
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high  rate  of  motion.  The  discs  are  1  foot  in  diameter,  and  may 
be  regarded  as  a  combination  of  a  continuous-current  motor,  an 
exciter,  and  an  alternator. 

In  one  disc  the  periphery  consists  of  a  great  number  of  very 
small  poles,  which  are  wound  somewhat  like  a  Ferranti  armature. 
The  centre  point  of  this  disc  has  a  thick  bar  placed  as  a  diameter, 
around  which  wire  is  coiled.  When  the  current  is  flowing  through 
the  wire  on  this  disc,  the  polar  ring  acts  as  inductor  to  the 
alternating-current  armature  upon  the  other  disc ;  and  the  iron 
bur  actfi  as  the  field  magnet  to  the  motor.  The  other  disc  has 
exactly  similar  polar  pieces  around  the  periphery,  and  wound  in  a 
similar  way,  the  centre  portion  being  filled  in  with  a  flat  Gramme 
ring ;  this  latter  being  the  armature  of  the  motor,  and  the 
periphery  the  armature  for  the  alternating  current.  In  the 
centre  of  one  disc  is  the  commutator  of  the  motor,  and  in  the 
centre  of  the  other  disc  are  the  brush-holders  which  carry  the 
brushes  to  press  on  the  commutator. 

When  the  continuous  current  is  turned  on,  the  motor  is  set 
in  action ;  and  since  the  field  magnet,  as  well  as  the  armature  of 
the  motor,  are  free  to  move,  they  will  divide  their  speed  by 
revolving  in  opposite  directions.  A  portion  of  the  current  travels 
.varound  the  inductor  ring,  producing  an  alternating  current  in  the 
armature  which  fetces  the  inductors.  Hence  an  alternating 
current  is  produced,  the  frequency  of  which  may  be  ascertained 
in  the  following  manner : — 

There  are  10  poles  to  the  inch  in  the  peripheries  of  the 
discs,  and  consequently  the  number  of  the  poles  exceeds  360  on 
the  circumference  of  each  disc,  since  the  diameter  is  1  foot.  The 
equivalent  speed  per  minute  being  3,000,  the  frequency  will 
exceed  3,000  multiplied  by  360— i.«.,  a  number  in  excess  of 
1,000,000  per  minute.  This  current  is  then  transformed  from  its 
pressure  of  200  volts  to  100,000  in  the  transformer,  as  before 
mentioned.  The  quantity  of  current  at  200  volts  is  about 
1  ampere.  The  small  poles  on  the  discs  have  the  appearance  of 
teeth  somewhat  similar  to  those  of  a  cog-wheel. 

The  proposed  name  of  this  machine  is  ^^  direct-to-alternating- 
"  current-transformer." 
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As  you  are  well  aware,  a  first  apparatus  is  always  capable  of 
improvement,  and  on  looking  at  this  transformer  many  improve- 
ments are  obvious,  chiefly  in  the  engineering  details.  At  the 
same  time,  as  it  now  stands,  it  works  very  well ;  but  when 
certain  suggested  alterations  have  been  made,  the  output  of 
current  and  the  electro-motive  force  will  be  increased.  I  greatly 
regret  that  no  current  is  available  to-night ;  in  consequence,  I  am 
unable  to  show  you  the  machine  in  action,  and  therefore  you  must 
take  my  word  as  regards  its  performance. 

This  transformer  is  only  just  completed.  No  opportunity, 
therefore,  has  been  offered  for  carrying  out  a  series  of  experiments 
with  it.  But  I  trust  that  in  course  of  another  month  or  so  I  may 
re-introduce  to  you  this  machine  in  its  improved  form  and  show 
it  in  action,  with  a  few  experiments  which  may  prove  of  interest. 
When  I  saw  it  last  in  action  half  an  ampere  was  obtained,  and  no 
more,  in  consequence  of  a  slight  defect  in  a  wire,  which  has 
since  been  remedied ;  and  the  voltage  produced  by  the  trans- 
former did  not  not  exceed  30,000  volts,  by  reason  of  one  section 
in  it  having  broken  down.  Under  these  conditions,  a  large 
vacuum  tube  was  lighted,  one  terminal  of.  the  tube  being  con- 
nected with  the  transformer,  the  second  terminal  held  in  one 
hand,  while  the  other  hand  rested  on  the  other  terminal  of 
the  transformer,  so  that  the  body  was  brought  into  the  cir- 
cuit. And  it  is  a  curious  fact  to  note  that  no  unpleasant 
physiological  effects  were  produced ;  the  tube  was  brighter  when 
the  body  was  so  interposed  than  when  the  tube  was  connected 
with  the  transformer  direct  by  means  of  wires.  To  all  appearance 
the  body  acted  as  a  condenser,  so  that  the  frequency  was  no 
doubt  considerably  raised.  The  finger  passed  along  the  tube 
caused  the  light  in  the  tube  to  rise  to  it — an  effect  which  is 
already  known,  but  not  always  easily  obtained. 

This  machine,  therefore,  is  simple  and  effective ;  the  object 
attained  being  to  enable  some  10  amperes  of  direct  current  to  be 
transformed  into  a  current  of  great  pressure  and  high  frequency, 
QO  that  experiments  which  would  under  most  circumstances  be 
dangerous  can  be  performed  without  fear.  By  the  use  of 
condensers  the  frequency  can,  of  course,  be  enormously  raised. 
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I  think  I  am  right  in  saying  that  this  is  the  simplest,  the 
lightest,  and  the  cheapest  machine  produced  up  to  this  time  for 
the  obtaining  of  high-frequency  currents;  and  the  principles 
involved  are  such  that  by  making  this  transformer  on  a  larger 
scale  there  is  scarcely  any  limit  to  the  frequency  obtainable.  AD 
the  present  known  laws  which  control  electric  currents  appear  no 
longer  to  hold  good  where  they  have  very  high  frequency.  In 
fact,  very  little  is  known  of  this  part  of  the  subject. 

It  was  my  desire  to  experiment  with  currents  of  high  poten- 
tial, without  incurring  the  risk  of  anyone  being  killed,  that  led 
me  to  consult  my  friend  Professor  Fleming  as  to  the  best  firm 
to  employ  to  make  me  such  a  machine  as  I  required,  and  he 
advised  me  to  go  to  Messrs.  Pyke  &  Harris,  which  I  did.  Of 
course  I  had  followed  Tesla's  experiments  with  great  interest, 
but  found  that  he  used  very  cumbrous  machinery  for  obtaining 
a  frequency  far  below  that  produced  by  the  small  apparatus  I 
am  showing  to  you  to-night.  The  result  of  my  interview  with 
Mr.  L.  Pyke  was  that  he  suggested  a  machine  for  giving  a  high 
frequency,  but  I  felt  that  its  size  and  weight  would  be  a  bar  to 
its  use,  to  say  nothing  of  the  expense.  I  therefore  thought  the 
matter  over,  and  suggested  several  possible  ways  of  attaining 
the  result  by  simpler  means.  Mr.  L.  Pyke  accepted  one  of  my 
suggestions  and  combined  it  with  his  own,  so  that  you  must 
not  imagine  that  I  claim  the  whole  credit  of  this  machine.  So 
far,  the  credit  should  be  divided  between  both  of  us ;  but  there 
is  an  additional  amount  of  credit  due  to  Mr.  Pyke,  for  his  firm 
has  constructed  this  machine  entirely  under  his  suj)erintendence, 
and  the  actual  details  he  has  himself  worked  out. 

Professor  Ewing  has  just  had  a  high-frequency  machine  con- 
structed to  his  design,  combined  with  a  Parsons  engine;  but  I 
believe  the  frequency  is  lower  than  this  one,  and  its  weight, 
of  course,  is  vastly  greater. 

I  have  regarded  that  portability  is  an  essential  for  a  laboratory 
machine,  since  it  is  often  required  for  a  lecture  at  a  distance. 
I  would  mention  that  the  improvements  which  are  contemplated, 
apart  from  improving  the  present  machine  in  some  of  its  details, 
are  to  add  another  pair  of  discs  worked  by  the  same  motor  and 
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giving  a  lower  frequency  of,  say,  100  per  second.  This  will 
enable  a  lecturer  to  have  at  his  command  high  or  low  frequency 
currents  at  will;  and  the  additional  weight  will  not  be  very 
great,  nor  will  the  expense  of  this  addition  be  large,  since  the 
number  of  polar  pieces  will  be  far  fewer,  and  the  discs  in  con- 
sequence more  easy  to  construct. 

I  must  point  out  that  this  little  direct-to-altemating-current- 
transformer  has  in  it  the  possibility  of  uses  which  may  already 
occur  to  your  own  minds  before  mentioning  them.  By  slight 
modifications  you  have  the  means  of  converting  an  alternating 
current  into  a  direct  current  for  charging  accumulators  or  for 
any  other  purpose.  You  have  also  the  essence  of  an  alternating- 
current  motor.  It  might  be  questioned  whether  the  machine 
has  really  1,000,000  frequency.  By  the  logic  of  its  mechanism  it 
certainly  has.  A  revolving  mirror  could  be  used  to  demonstrate 
the  fact  experimentally.  But  one  argument  strongly  in  favour  is 
this:  Suppose  that  1,000,000  frequency  does  not  exist,  then  it 
would  indicate  that  the  current  is  not  reversed  each  time  that  a 
north  and  south  pole  inductor  is  passed  by  an  armature  pole — i.e., 
there  would  be  set  up  a  kind  of  lag.  Under  such  conditions  the 
probability  is  that,  if  the  lag  is  at  all  considerable,  instead  of  an 
alternating  current  being  produced,  a  continuous  one  would  result, 
no  current  at  all,  or  at  any  rate  a  current  of  such  a  character  that 
an  ordinary  form  of  transformer  could  not  be  used  with  it.  But 
it  has  been  shown  that  this  is  not  the  case.  Therefore  it  is  fair 
to  assume  that  the  theoretical  results  are  attained. 

The  President  :  I  have  to  announce  that  the  following  candi- 
dates have  been  elected  : — 

Members : 

Hunter,  William  D.  |  Johnson,  William. 

AeaocicUes : 

Chisholm,  J.  W.  |  Harrison,  Captain  Thomas, 

K.E.,  D.S.O. 


The  meeting  then  adjourned. 
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The  Twenty-first  Annual  General  Meeting  of  the  Institution  was 

held  at  the  Institution  of  Civil  Engineers,  25,  Great  George 

Street,  Westminster,  on  Thursday  evening,  December  8th, 

1892— Professor  W,  E.  Ayrton,  F.RS.,   President,    in   the 

.  Chair. 

The  minutes  of  the  Ordinary  General  Meeting  held  on  Thursday, 
December  1st,  were  read  and  approved. 

The  names  of  new  candidates  for  election  into  the  Institution 
were  read  and  ordered  to  be  suspended. 

The  following  transfer  was  announced  as  having  been  approved 
by  the  Council : — 

From  the  class  of  Associates  to  that  of  Members — 
A.  J.  Amot. 

Mr.  F.  V,  Andersen,  Mr.  C.  Bright,  Mr.  H,  C.  Donovan,  and 
Mr.  J.  L.  Ovens  were  appointed  scrutineers  of  the  ballot  for 
President,  Council,  and  Officers  for  the  year  1893,  and  for  the 
election  of  new  members. 

The  President  :  During  the  past  year  death  has,  I  am  sorry 
to  say,  been  busy  in  our  ranks,  and  I  have  to-night  to  record  the 
death  of  one  of  our  most  distinguished  Foreign  Members,. 
Dr.  Werner  von  Siemens,  one  of  a  family  of  inventors,  of  whom 
he  was  perhaps  the  most  famous.  The  early  struggles  of  the 
brothers  Werner  and  William,  our  twice  President,  are  quite 
pathetic,  and  are  becoming  historic.  Those  who  desire  to  see 
the  wide  ground  covered  by  the  researches  of  Werner  Siemens, 
and  the  wonderful  results  that  he  was  able  to  attain,  cannot  do 
better  than  study  the  memoirs  which  he  published  last  year, 
and  the  first  volume  of  which  has  recently  been  translated  into 
English.  From  them  something  else  may  be  also  learnt^  which 
I  believe  it  was  the  object  of  Dr.  Werner  von  Siemens  to  teach 
in  writing  these  memoirs,  and  that  is,  how  a  lad  without  money, 
without  position,  and  without  any  of  those  accidents  which  give 
aid  to  a  man's  career,  was  able,  as  he  called  it,  to  do  good  work 
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or,  as  we  should  call  it,  to  achieve  such  wonderful  success  in 
electrical  development.  I  therefore  beg  to  move  the  following 
resolution : — 

"  That  the  President,  Council,  and  Members  of  this  Institution 
"  desire  to  record  hereby  their  profound  regret  at  the  decease  of 
"  their  distinguished  Foreign  Member  and  Local  Honorary  Secre- 
**  tary  and  Treasurer  in  Germany,  Dr.  Werner  von  Siemens,  and 
"  their  deep  sense  of  the  loss  which  has  by  this  event  been  sus- 
**  tained  by  the  whole  scientific  world ;  that  they  further  desire 
**  to  express  their  sincere  sympathy  with  his  widow  and  the  other 
**  members  of  his  family  in  their  great  bereavement." 

Professor  George  Forbes  :  I  beg  to  be  allowed  to  second  this 
motion.  I  am  sure  that  every  member  of  this  Institution,  as 
well  as  every  member  of  the  world  of  physical  science,  must  feel 
that  we  have  suffered  a  very  severe  loss  by  the  death  of 
Dr.  Werner  von  Siemens.  It  would  be  superfluous  for  anyone 
here  to  speak  of  the  merits  of  that  great  man,  and  I  can  only  say 
that  everyone  who  ever  came  into  contact  with  him — even  those 
who  differed  from  him — felt  the  power  of  his  presence  and  the 
ability  of  the  man ;  I  think  everyone  must  feel,  as  I  most 
certainly  do,  that  no  words  one  could  utter  are  necessary  to  enable 
us  to  realise  more  than  we  do  at  present  what  a  loss  the  scientific 
world  has  sustained.     I  beg  to  second  the  motion. 

The  resolution  was  put  to  the  meeting  and  carried  unani- 
mously. 

The  Secretary  then  read  the  Annual  Report  of  the  Council,, 
as  follows : — 

REPORT  OF  THE  COUNCIL  TO  THE  ANNUAL  GENERAL. 
MEETING,  8th  DECEMBER,  1892. 

Elections  and  Transfers. 

The  number  of  members  elected  into  the  Institution  during 
the  current  year  has  been,  as  might  naturally  be  expected,  con- 
siderably fewer  than  those  elected  last  year,  as,  in  order  to  join 
under  the  old  rates  of  entrance  fee  and  annual  subscription,  a 
very  large  number  of  candidates  presented  themselves  for  election 
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in  November,  and  even  in  December,  of  that  year,  who  would 
otherwise  certainly  have  desired  to  have  their  election  deferred 
until  January  of  this  year. 

Making  allowance  for  this  circumstance,  the  accessions  to  the 
register  have  been  considerably  more  than  the  average,  and 
consist  of  9  Foreign  Members,  12  Members,  101  Associates,  and 
98  Students — or  a  total  of  220 — and  37  candidates  have  been 
approved  for  ballot  at  the  first  meeting  in  January  next. 

The  circumstances  above  alluded  to  affected  with  equal  force 
the  number  of  transfers  during  the  year;  only  15  Associates 
having  been  transferred  to  the  class  of  Members,  and  14  Students 
to  the  class  of  Associates. 

Deaths  and  Resignations. 

The  losses  by  death  during  the  year,  although  not  above  the 
average,  after  allowing  for  the  increased  register,  number  21,  and 
unhappily  include  many  important  members :  Sir  George  Biddel 
Airy,  formerly  Astronomer  Royal,  Honorary  Member  \ — Don 
Alonso  Prados  ;  Professor  Shida,  our  Local  Honorary  Secretary  in 
Japan ;  Mr.  C.  Nielsen,  Chief  of  the  Telegraph  Department  in 
Norway,  who  represented  his  country  at  all  the  Telegraphic  Con- 
ferences since  1865,  and  who  also  represented  the  Institution  as 
Local  Honorary  Secretary;  Monsieur  M.  Simon;  and,  only  two 
days  ago.  Dr.  Werner  von  Siemens,  one  of  the  most  distinguished 
electricians  of  the  day,  and  whose  loss  will  be  severely  felt  in  the 
scientific  world, — Foreign  Members.  The  12  Members  lost  to  us 
comprise  Mr.  Edward  Graves,  Engineer-in-Chief  of  the  Postal 
Telegraphs,  a  Past-President,  and  for  many  years  the  Honorary 
Treasurer  of  the  Institution,  to  whose  long  and  invaluable  services 
reference  has  quite  recently  been  made  ;  Sir  John  Coode,  a  Past- 
President  of  the  Institution  of  Civil  Engineers ;  Messrs.  J.  A. 
Betts,  G.  G.  Newman,  Jas.  RadclifFe  (three  of  our  oldest  members), 
G.  B.  Almond,  J.  A.  Chambers,  F.  N.  Gisbome,  C.  Hortsek,  the 
Duke  of  Marlborough,  Mr.  H.  Starke,  and  Mr.  P.  W.  Willans, 
3  Aesociatea — viz.,  Messrs.  H.  Corderoy,  J.  Healey,  and  E.  A, 
Horton — and  1  Student — Mr.  Norman  F.  Wicks — are  also  among 
the  deceased. 
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4  Foreign  Members,  2  Members,  17  Associates,  and  1  Student 
have  resigned  during  the  year. 

Papers. 

In  addition  to  the  admirable  and  instructive  Address  of  the 
President,  the  following  papers  dealing  with  the  experimental  as 
well  as  with  the  practical  applications  of  electrical  science  have 
been  read  during  the  year,  and  have  led  to  important  and 
interesting  discussions,  viz.: — 

LIST  OF  PAPERS  READ  BEFORE  THE  INSTITUTION  DURING  THE 

YEAR  1892. 

Datb.  Titlb.  Author. 

Feb.  8. — Experiments  with  Alternate    Currents  of 

High  Potential  and  High  Frequency    ...    Nikola    Tbsla,    Foreign 

Member. 
„    11.— Some  Experimental  Investigations  of  Alter- 
nate Currents        A.  Siemens,  Vice- 
President. 

Mar.  10. — Oil  as  an  Insulator Professor  D.  E.  Huodbb, 

Past-President. 
t,     24. — ^XiOad  Diagrams  of  Electric  Tramways,  and 

the  Cost  of  Electric  Traction     A.  RBOKKNZACir, 

Member. 
April  28. — Notes  on  the  Light  of  the  Electric  Arc  ...    A.  P.  Tkottbb,  Member. 
May  12. — On  the  Canse  of  the  Changes  of  Electro- 
motive Force  in  Secondary  Batteries   ...    Dr.  J.  H.  Gladstokb,  Mem- 
ber, and  W  HiBBBRT, 
Associate. 
Hay  26. — Blectrical  Distribution  by  the  Newcastle- 

on-Tyne  Electric  Supply  Ca,  Limited...    A.    W.    Hbaviside     and 

R  C.  Jack  BOH,  Mem- 
bers. 
Not  read,  but  simply  published  in  the  Journal, — The 

Problems  of  Commercial  Electrolysis  ...    J.  Swimbubne,  Member. 
Not.  24.— Experimental    Researches    on    Alternate- 
Current  Transformers     Dr.J.A.FLBXiKO,Member 

Annual  Premiums. 

In  respect  of  papers  contributed  during  the  twelve  months 
ending  30th  June  last,  other  than   those  by  Members   of  the 
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Council,  the  foUowiDg  annual  premiums  have  been  awarded  by 
the  Council : — 

The  Institution  Premium^  value  £10,  to  Mr.  Nikola  Tes!a, 
Foreign  Member,  for  his  paper  entitled,  "  Experiments  with 
"  Alternate  Currents  of  High  Potential  and  High  Frequency.'* 

The  Paris  Electrical  Exhibition  Premiunij^  value  £5,  to  Mr. 
Anthony  Reckenzaun,  Member,  for  his  paper  on  **'  Load  Diagrams 
**  of  Electric  Tramways,  and  the  Cost  of  Electric  Traction." 

The  Fahie  Premium^  value  £5,  to  Messrs.  A.  W.  Heaviside 
and  R.  C.  Jackson,  Members,  for  their  paper  on  "  Electrical 
"  Distribution  by  the  Newcastle-on-Tyne  Electric  Supply  Com- 
"  pany.  Limited." 

The  Salomons  Scholarship. 

As  announced  at  the  meeting  of  May  26th,  the  Council 
awarded  this  scholarship  to  Mr.  C.  H.  C.  Woodhouse,  a  matriculated 
second  year's  student  of  the  department  of  electrical  engineering 
at  the  Central  Institution. 

Annual  Conversazione. 

The  President's  Conversazione,  on  the  1st  of  July,  wa*'  again 
held  in  the  Galleries  of  the  Royal  Institute  of  Painters  in  Water 
Colours,  the  {Attendance  being  very  large. 

Annual  Dinner, 

The  fourth  Annual  Dinner  of  the  Institution  took  place  on  the 
18th  of  November,  and  was  also  largely  attended. 

Chicago  Exhibition,  1893. 

•It  having  been  brought  to  the  notice  of  your  Council  that 
great  reluctance  existed  on  the  part  of  electrical  manufacturers  in 
the  United  Kingdom  to  take  part  in  the  forthcoming  Exhibition 
at  Chicago,  and  that  the  probable  result  would  be  an  almost 
complete  absence  of  representation  of  that  branch  of  British 
industry,  creating  an  erroneous  and  unfavourable  impression  of 
its  resources,  it  occurred  to  them  that  it  might  be  possible,  with 
the  aid  of  such  of  our  members  who  are  manufacturers  or  closely 
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allied  to  manufacturiDg  firms,  to  form  mider  the  auspices  of  the 
Institution  a  collective  representative  exhibit.  It  was  intended 
to  raise  a  guarantee  fund  to  meet  such  necessary  expenses  over 
and  above  the  cost  of  forwarding  the  exhibits  (which  it  was 
proposed  should  be  defrayed  bj'  the  manufacturers)  as  H.M. 
Commissioners  would  not  undertake  in  respect  of  such  exhibits. 

They  accordingly  appointed  a  committee  to  consider  this 
matter,  and  a  circular  was  issued  inviting  exhibits;  but  they 
regret  to  say  that  the  response  has  been  too  unsatisfactory  to 
justify  their  moving  further  in  the  matter,  the  high  duties 
imposed  by  the  United  States  upon  British  manufactures  being 
in  nearly  all  cases  assigned  as  the  reason  for  not  exhibiting. 

Financial  Position. 

The  financial  position  of  the  Institution  is  still  satisfactory. 
The  increased  expenditure  alluded  to  in  the  last  Annual  Report 
has  been  found  to  be  much  more  than  covered  by  the  increased 
revenue.  The  amount  of  £327  lOs.  has  been  invested  during  the 
year  on  account  of  life  compositions,  and  a  considerable  further 
amount  will  shortly  be  added  to  the  General  Investment  Account, 
which  practically  represents  the  savings  of  the  Institution. 

THE  LIBRARY. 
REPORT  OF  THE  SECRETARY. 

I  beg  to  report  that  the  accessions  to  the  Library  during  the 
year  number  62 ;  10  of  these  were  purchased,  and  the  remainder 
are  presentations  from  authors  or  publishers. 

The  specifications  of  all  electrical  patents  continue  to  be 
supplied  to  the  Institution,  by  the  kindness  of  H.M.  Commissioners 
of  Patents. 

The  number  of  patents  applied  for  this  year,  up  to  the  30th  of 
November,  was  21,656,  of  which  1,284,  or  5*92  per  cent.,  were 
electrical. 

The  corresponding  numbers  last  years  were  20,833  and  1,337, 
or  6-4  per  cent. 

The  number  of  periodicals  and  printed  proceedings  of  other 
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Societies  received  regularly  is  somewhat  larger  than  last  year,  as 
may  be  seen  by  the  list  appended  hereto. 

The  number  of  visitors  to  the  Library  during  the  year  has 
been  609,  of  whom  95  were  non-members.  The  corresponding 
numbers  last  year  were  347  and  25  respectively. 

In  accordance  with  the  instructions  of  the  Council,  I  have 

had  compiled  an  index  to  the  10  volumes  Nos.  11  to  20  of  the 

Journal  of  Proceedings.    This,  I  am  happy  to  say,  will  be  ready 

for.  issue  before  the  end  of  the  year. 

F.  H.  WEBB, 

Secretary. 

APPENDIX   TO  SECRETARrS  REPORT. 

TRANSACTIONS,  PROCEEDINGS,  &c.,  RECEIVED  BY  THE 
INSTITUTION. 

BNOU8H. 

Asiatic  Society  of  Bengal,  Journal  and  Proceedings. 
Greenwich  Maf^etical  and  Meteorological  Observations. 
Institute  of  Patent  Agents,  Transactions. 
Institntion  of  Civil  Engineers,  Proceedings. 
Institntion  of  Mechanical  Engineers,  Proceedings. 
Iron  and  Steel  Institute,  Proceedings. 
Liverpool  Engineering  Societj,  Proceedings. 
Physical  Society,  Proceedings. 
Royal  Dublin  Society,  Transactions  and  Proceedings. 
Royal  Engineers'  Institute,  Proceedings. 
Royal  Institution,  Proceedings. 
Royal  Meteorological  Society,  Pr.iceedings. 
Royal  Society,  Proceedings  of. 
*Royal  Society,  Philosophical  Transactions  of. 
Royal  United  Service  Institution,  Proceedings. 
Society  of  Arts,  Journal. 
Society  of  Chemical  Industry,  Journal. 
Society  of  Engineers,  Proceedings. 
University  College  Calendar. 

AMERICAN. 

American  Academy  of  Science  and  Arts,  Proceedings. 
American  Institute  of  Electrical  Engineers,  Transactions. 
Canadian  Society  of  Civil  Engineers,  Transactions. 
Franklin  Institute,  Journal  of. 

•  Presented  by  Professor  D.  K.  Haghes,  F  R.S.  (Past-Preeident). 
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John  IIopkiDS  Universitj  Circulara. 
Libiuiy  Bulletin  of  Cornell  Universitj. 
Ordnance  Department  of  the  United  States,  Notes. 

FRENCH. 

Bulletin  de  T Association   des  Ingenieurs  ^Icctriciens  sor;is  de  Tlnstitut 

Electro-Technique  Montefiore. 
L*Acad^mie  des  Sciences*  Comptes  Rendus  Hebdoma-Jaires  des  Seances  de. 
Soci^t^  Beige  d^Electriciens,  Bulletin  de  la. 
Soci^t^  Fran^aise  de  Physique,  Seances  de  la. 
Society  des  Ingenieurs  Civils.  Me  moires. 
Socidtd  Internationale  des  Electriciens,  Bulletin  de  la. 
Socidtd  Scicntifique  Indnstrielle  de  Marseille,  Bulletin  de  la. 

LIST  OF  PERIODICALS  RECEIVED  BY  THE  INSTITUTION. 

ENGLISH. 

Electrical  Engineer. 

Electrical  Plant. 

Electrician. 

Electricity.  , 

Engineer. 

Engineering. 

English  Mechanic  and  World  of  Science. 

Illustrated  Official  Journal,  Patents. 

Industries. 

Lightning. 

Nature. 

Philosophical  Magazine.     • 

Telegraphic  Journal  and  Electrical  Review 


Electrical  Engineer. 

Electrical  Review. 

Electrical  World. 

Electricity. 

Journal  of  the  Telegraph. 

Science. 

Scientific  American. 

Annales  Telegraph iques. 
L':filectricitd 
L*£lectricien. 
L'Industrie  £lectriqne. 
Journal  de  Physique. 
Journal  T^ldgraphique. 
La  Lumi^re  £lectrique. 


AMERICAN. 


FBENOH 
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OSRBIAN. 

Annalen  der  Physik  and  Chemie. 

Beiblatter  zu  den  Annalen  der  Ph/iik  and  Cbemie. 

Electrotechnisch.T  Anzeiger. 

Electrotechnische  Zeitschrift. 

Verhandlungsn  des  Vereini  zar  Barorderung  des  Qew.'rbaeisaes. 

Zeitichrift  fur  Elektrotechnik. 

Zeitschrift  fur  Instramantkande. 

The  President  :  I  beg  to  move — "  That  the  Report  of  the 
"Council  as  just  now  read  be  received  and  adopted,  and  that  it 
"  be  printed  in  the  Journal  of  the  Institution." 

Mr.  Augustus  Stroh  seconded  the  motion. 

The  President  :  Before  putting  that  motion,  I  must  ask  if 
anybody  wishes  to  ask  any  questions. 

Mr.  A.  P.  Trotter  :  Sir,  I  have  given  notice  of  a  question  to 
the  Secretary.  The  present  prjcess  of  balloting  for  Associates 
has  been  in  vogue  for  some  time.  I  wish  to  say  nothing  about 
the  election  of  Students — that  should  be  encouraged ;  nor  of  full 
Members — that  is  chiefly  in  the  hands  of  the  Council.  [Sir 
David  Salomons:  "No,  no  "]  Possibly  not;  but  I  understand  that 
the  Council  pays  special  selection  and  investigation  to  the 
qualification  of  Members.  But  I  refer  only  to  the  election  of 
Associates.  As  we  come  into  this  room  we  receive  balloting 
papers,  and  it  appears  to  many  members — it  may  be  quite 
wrong ;  I  merely  ask  the  question — that  it  is  almost  impossible 
for  anyone  to  effectualiy  oppose  the  election  of  an  Associate. 
Take,  for  example,  this  case :  Supposing  six  names  are  down  on 
each  balloting  paper;  a  large  number  of  members,  I  believe, 
without  any  personal  knowledge  of  those  Associates,  .put  their 
papers  into  the  box.  Members  desiring  to  blackball  any  persoa 
are  practically  outvoted  by  five  to  one.  I  therefore  wish  to  ask, 
just  to  test  whether  this  is  the  case,  or  whether  I  and  others  are 
in  error,  how  many  candidates  have  presented  themselves  for 
election  as  Associates  since  the  present  mode  of  balloting  was 
adopted,  and  how  many  of  those  have  been  actually  elected. 

The  Secretary  :  Since  the  present  method  has  been  in  vogue, 
163  candidates  have  been  nominated  for  election  as  Associates, 
and  163  have  been  elected. 
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Mr.  Trotter  :  I  am  much  obliged  for  the  information.  I 
have  no  comments  to  make,  and  no  suggestions  to  offer. 

Major-General  Webber,  in  a  few  remarks,  concurred  generally 
in  what  Mr.  Trotter  had  said,  and  thought  it  was  desirable  that 
the  Council  should  reconsider  the  arrangements  for  the  election  of 
Associates. 

Sir  David  Salomons:  I  think  I  can  answer  the  question  in  a 
moment.  Every  nomination  of  an  Associate  requires  the  names 
of  a  proposer  and  seconder ;  and  if  these  are  those  of  thoroughly 
reliable  persons,  we  accept  their  word  as  to  the  qualification  of  the 
candidate,  unless  any  special  question  arises.  I  think  this  is  satis- 
factory. As  regards  the  use  of  ballot  boxes,  I  had  l>etter  explain 
why  they  were  discontinued,  as  my  friend  General  Webber  is  in 
fevour  of  their  retention.  It  is  a  matter  of  congratulation  to 
us  that  those  boxes  have  disappeared,  the  simple  reason  being 
because  there  are  so  many  joining  our  ranks  it  is  found  impos- 
sible to  use  the  old  system. 

The  Secretary  :  The  President  allows  me  to  say  a  word  in  con- 
nection with  this  matter.  I  do  not  know  whether  it  has  escaped 
General  Webber's  memory,  or  whether  he  was  away  at  the  time 
the  change  was  made,  but  I  think  it  right  to  remind  him  and 
the  meeting  that  the  change  in  the  mode  of  balloting  for  new 
members  was  made  because  the  old  plan  was  found  impracticable 
without  using  the  same  ballot  boxes  two  or  three  times  over  on  the 
same  evening.  For  the  same  reason  the  Institution  of  Civil 
Engineers  abolished  the  ballot  boxes  and  adopted  the  system  of 
balloting  papers.  We  have  followed  their  footsteps  in  this,  as  in 
other  matters,  simply  because  we  found  it  to  be  practically  im- 
possible to  go  on  in  the  old  way.  Sometimes  we  have  had  as 
many  as  50  or  60  candidates  up  for  election  on  one  evening,  and  it 
was  very  difficult  to  get  members  to  remain  while  the  change  of 
ballot  boxes  was  being  made.  It  was  on  that  account  that  the 
system  was  altered,  and  an  explanation  to  that  efifect  was  given  by 
the  then  President  at  the  Ordinary  General  Meeting  held  on  the 
12th  of  November  of  last  year. 

Mr.  G.  L.  Addenbrooke:  I  believe  the  names  of  two  supporters 
are  required  for  the  election  of  Associates.  I  simply  beg  to  move 
that  a  third  name  be  required.  ^^^^^^^^^  ^^  Google 
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The  Secretary  :  The  adoption  of  any  such  change  as  that 
suggested  by  Mr.  Addenbrooke  would  necessitate  a  Special 
General  Meeting  and  another  confirmatory  meeting.  Our  rules, 
which  are  really  Articles  of  Association,  are  at  present  fully  coiq- 
plied  with.  They  require  that  a  candidate  shall  be  proposed  by 
one  member  and  seconded  by  another.  As  a  general  rule,  we 
have  several  additional  names. 

A  Member:  I  should  like  to  ask  how  many  black  balls  at 
present  exclude  ? 

The  Secretary  :  At  least  two-thirds  of  the  total  number  of 
votes  given  must  be  in  favour  of  the  candidate,  to  ensure  his 
election.  I  may  mention,  with  reference  to  Mr.  Trotter's  question, 
that  I  think  pt^.rhaps  a  wrong  inference  was  drawn  from  my  reply, 
judging  from  the  cheers  with  which  it  was  received,  namely,  that 
all  Associates  proposed  since  the  new  system  was  adopted  had  been 
elected.  I  should  like  to  add  that  during  the  long  period — nearly 
15  years — that  I  have  had  the  honour  of  being  your  Secretary, 
there  has  been,  I  believe,  only  one  case — certainly  there  have  not 
been  more  than  two — where  a  candidate  has  been  blackballed ; 
and  in  such  a  case,  on  the  written  requisition  of  three  members,  a 
second  ballot  can  be  granted.  In  the  case  or  cases  to  which  I 
have  alluded  that  was  done,  and  the  candidate  or  candidates  were 
re-elected  without  any  further  difficulty.  With  that  exception, 
or  those  two  exceptions,  during  my  time,  even  under  the  old 
system  there  was  no  blackballing.  I  do  not  think,  therefore, 
that  the  new  system  can  be  considered  to  have  affected  that 
aspect  of  the  matter. 

Mr.  Kapp:  I  quite  appreciate  Mr.  Trotter's  intention  of  having 
a  more  rigorous  ballot.  But,  from  a  practical  point  of  view,  I  do 
not  believe  that  ballot  boxes  are  any  better  than  the  papers,  and 
I  speak  from  my  own  experience.  I  am  one  of  those  individuals 
who  have  often  been  pressed  by  the  Secretary  to  do  certain 
work.  I  remember,  at  the  end  of  certain  meetings,  when  I 
wanted  to  get  away  to  catch  my  train,  the  Secretary  has  come 
to  me  and  said,  **  Now  vote :  here  are  the  balls."  And  I  would 
throw  them  in,  and  sometimes  they  went  into  the  wrong  com- 
partment.    I  maintain  that  is  a  far  worse  system  than  when  the 
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Secretary  gives  me  a  paper  and  I  can  strike  a  name  out  if  I  want 
to  blackball.  The  hurried  voting  with  the  ballot  box  was  cer- 
tainly worse  than  the  present  system. 

Mr.  Swinburne:  Does  striking  out  one  name  blackball  that 
candidate,  or  does  it  merely  mean  that  he  is  not  voted  for? 
You  cannot,  as  I  understand  it,  blackball  one  man  without 
blackballing  the  whole  list. 

Mr.  ViGNOLTSS:  May  I  make  a  small  suggestion  which  may 
get  over  the  difficulty?  It  appears  to  be  agreed  that  the 
difficulty  as  regards  the  use  of  ballot  boxes  is  the  number  of 
boxes  that  would  be  necessary,  and  it  is  a  very  serious  one.  But 
you  could  combine  the  advantages  of  both  systems  by  simply 
voting  for  or  against  a  person  on  the  present  balloting  papers. 
Tliat  is  to  say,  you  should  make  a  certain  mark  if  you  wish  to 
vote  for,  and  strike  out  the  name  if  you  wish  to  vote  against 
a  man.  That  seems  to  me  to  combine  the  advantages  of  both 
systems. 

Sir  David  Salomons  :  Perhaps  you  would  accept  a  proposition, 
on  the  part  of  the  Council  at  the  next  meeting.  There  appears 
to  be  a  difficulty,  and  perhaps  if  we  had  something  printed  at 
the  bottom  of  the  ballot  paper  it  would  get  over  it. 

A  Member:  Would  you  have  the  proposer  and  seconder 
printed  as  well  ?     That,  perhaps,  would  satisfy  some  members. 

The  President  :  Are  these  definite  propositions,  or  merely 
suggestions  ?  Of  course  there  is  no  doubt  that  this  Institution 
labours  under  one  very  great  disadvantage:  it  is  extremely 
jwpular,  and  is  becoming  more  and  more  popular,  and  the 
number  of  candidates  coming  in  is  so  very  large  that  it  is 
extremely  difficult  to  do  anything  but  what  we  do ;  but,  at  the 
same  time,  if  any  definite  proposition  is  put  before  the  meeting, 
the  Council  of  course  would  give  it  full  consideration. 

•  Mr.  Biggs  :  What  on  earth  are  the  Council  for  if  they  are  not 
the  proper  persons  to  decide  upon  the  qualifications  of  candi- 
dates? It  is  not  a  matter  which  should  concern  the  general 
body  of  members. 

Mr.  Trotter:  In  asking  the  question  which  I  put,  I  distinctly 
declined  to  oflFer  any  suggestions,  because  I  think  it  is  one  which 
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the  Council  are  fully  able  to  deal  with,  and  a  matter  which  should 
be  left  to  the  Council,  in  whom  we  ought  to  have  confidence.    -;,' 
The  President:  It  has  been  moved  and  seconded  that'^he 
Report  of  the  Council  be  received  and  adopted,  and  printed  in  the 
Journal  of  the  Institution.     I  now  put  the  motion. 
The  motion  was  carried  unanimously. 

Major-General  Webber:  I  am  called  ui)on  to  move — "That 
"  the  members  of  this  Institution  desire  to  ofiFer  to  the  President, 
"  Council,  and  Members  of  the  Institution  of  Civil  Engineers  their 
^^  cordial  thanks  for  their  continued  kindness  and  liberality  in 
"  allowing  the  use  of  their  hall  for  the  meetings  of  this  Institution." 
None  of  us  who  have  used  this  beautiful  hall,  as  we  have  done  for 
the  last  21  years,  can  but  feel  grateful  for  the  accommodation 
which  we  receive,  and  the  kindness  with  which  our  request  has 
been  met,  not  only  for  its  fortnightly  use,  but  also  for  its  increased 
use  when  the  needs  of  discussion  of  papers,  and  so  forth,  have 
required  us  to  ask  for  weekly  meetings.  I  think  this  expression 
of  the  thanks  of  the  Institution  on  this  occasion  is  especially 
appropriate,  for  during  the  last  year  we  have  taken  every 
advantage  of  this  kindness  by  holding  more  frequent  meetings 
than  were  put  down  on  our  sessional  cards. 

Mr.  Mordey  having  seconded  the  motion,  it  was  carried 
unanimously. 

Sir  David  SalOxMONS  :  I  have  to  move — "  That  the  thanks  of 
"this  Institution  are  due  to  the  Local  Honorary  Secretaries  and 
"  Treasurers  for  their  kind  services  during  the  past  year."  I  will 
not  devote  any  time  to  making  a  speech,  as  there  is  a  great  deal 
before  us ;  but  I  would  call  attention  to  the  fact,  which  we  must 
all  deeply  regret,  that  we  have  lost  no  less  than  three  foreign 
Secretaries  by  death  during  this  year — viz.,  the  Secretaries  for 
Japan,  Professor  Shida;  for  Norway,  Mr.  Nielsen;  and  now,  for 
Germany,  Dr.  Werner  von  Siemens,  to  whose  family  we  have 
just  passed  a  vote  of  condolence.  I  hope  next  year,  when  a 
similar  resolution  is  passed,  we  shall  have  a  more  pleasant  task 
before  us  in  feeling  that  it  is  to  those  who  are  living  that  we  are 
returning  our  thanks. 

Professor  Hughes  seconded  the   motion,   which   was  unani- 
'•"  carried.  ^  I 
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Mr.  Swinburne  :  I  have  to  move — "  That  the  thanks  of  this 
"  ^pstitution  are  due  to  Mr.  F.  C-  Danvers  and  Mr.  Augustas 
"  St*  oh  for  their  kind  services  as  Honorary  Auditors/'  I  am  sure 
you  will  all  agree  with  me  that  the  duties  of  Auditors  are  arduous 
and  very  responsible,  but  certainly  not  interesting  from  a  scientific 
point  of  view.  Anyone  who  has  had  anything  to  do  with  book- 
keeping will  agree  that  our  cordial  thanks  are  due  to  the 
Honorary  Auditors. 

The  motion,  being  seconded,  was  unanimously  carried. 

Mr.  Strgh  :  In  the  absence  of  Mr.  Danvers,  I  rise  to  express 
my  grateful  acknowledgment  of  the  vote  which  you  have  so 
kindly  passed.  The  duties  of  the  Honorary  Auditors  are  not 
very  heavy,  I  am  happy  to  say.  We  have  always  performed  them 
with  very  great  pleasure,  and  to  the  best  of  our  ability.  I  thank 
you  very  much. 

Mr.  CROMProN  :  I  move — "  That  the  thanks  of  this  Institution 
"  are  due  to  Messrs.  Wilson,  Bristows,  &  Carpmael  for  the  kind 
"  and  valuable  services  rendered  by  them  as  Honorary  Solicitors." 

Dr.  Fleming  seconded  the  motion,  which  was  unanimously 
ea[rried. 

The  President:  We  can  now  resume  the  discussion  on 
Dr.  Fleming's  paper,  "Experimental  fiesearches  on  Alternate- 
**  Current  Transformers."  I  call  on  Mr.  Mordey  to  re-open  the 
discussion. 

Mr.  W.  M.  Mordey  :  I  wish  to  confine  what  I  have  to  say  on  Mr.  Mordey. 
Dr.  Fleming's  paper,  as  far  as  time  allows,  to  one  point — the 
very  interesting  question  of  the  sudden  rush  of  magnetising 
current  into  transformers,  noticed  by  him,  and  very  fully  de- 
scribed in  the  latter  part  of  his  paper.  But  before  proceeding 
to  that  I  would  like  to  refer  to  the  question  of  the  loss  in  the 
iron  of  transformers.  My  name  has  been  a  good  deal  connected 
with  this  question,  because  I  drew  attention  to  it  here  some  time 
ago.  Some  experiments  which  we  made  in  the  works  of  the 
Brush  Company  tended  to  show  that  the  loss  in  the  iron  de- 
creased as  the  load  increased  in  the  transformer.  Some  who 
have  recently  experimented  on  the  question  have  gpt  results 
that  do  not  confirm  mine.      A  great  many  experiments  have 
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Mr.  Mordey.  bseii  made.     Professor   Ayrton    has   made   two   sets  of   experi- 
ments, in  which  he  discovered  the  effect.     He  has  now,  with  Di-. 
Sumpner,  made  another  set  of  experiments,  in  which  the  eflfect 
is  less.     In  their  paper  read  before  the  British  Association  the 
effect  is,  however,  clearly  shown    in   the  curve  given,  bat  it  is 
not  an  important  one ;  there  is,  however,  a  decided  drop  in  the 
iron  loss.     I  think  we  may  say  that  Professor  Ayrton  "cancels out.*' 
He  has  made  three  sets  of  experiments,  and  two  are  decidedly 
in  favour  of  the  view  I  took  up,  and  the  other  is  not  so  decided. 
Several   other   experimenters    have   made    investigations,    chief 
among  them   being   Professor  Ewing,   whose   arrangement  was, 
however,   so   unlike    a  commercial   transformer   that  I  was  not 
surprised  at  his  result ;  and  now  Dr.  Fleming  in  this  admirable 
paper  has  given  some  results  from  transformers  of  my  own  design, 
and  of  others',  and  he  fails  to  discover  this  effect.      It  will  be 
interesting  to  find  an  explanation  of  the  fact  that  Dr.  Fleming's 
values  at  no  load  almost  exactly  confirm  mine,  while  we  differ  at 
full  load.     The   transformers  used   in  his  tests   differ  in   some 
details  of  arrangement  from  those  used  in  my  experiments,  and 
it  may  be  that  we  are  both  right.     But    possibly  I  was  wrong. 
At  any  rate,  I    feel  that,   when   time   allows,   I   should   make 
some  more  experiments.     I  have  not  made  any  hitherto,  partly 
for  want  of  time,  and  because  it  has  only  recently  been   home 
in   upon  me  that  I  am  possibly  wrong.     I   am  not  at  all  sure. 
However,  if  I  am  wrong,  I  will  come  and  make  a  clean  breast 
of  it.     But  I  would  like  to  say  a  word  as  to  the  way  in  which 
the  question  has  been  treated.     When  I  first  brought  the  matter 
up  at  the  Institution  here  (I  think  on  the  discussion  of  a  paper 
by  Mr.  Swinburne),  the  thing  was  spoken  of  by  the  Electrician, 
and  elsewhere,  as  absurd ;  it  was  pointed  out  in  many  columns 
that  it  was  against  the  laws  of  Nature.     Even  last  week  one  of 
the  speakers  referred  to  it  as  being  now  quite  settled,  and  was 
very  comforted  to  find  that   the  "laws   of  Nature"  were   still 
observed  by   transformers.      Well,  I  always   envy  those  people 
who  have  had   a  special  revelation  on  the  subject  of  the  "  laws 
"  of  Nature,"  especially  as  applied  to  iron  under  the  influence  of 
a'.temaling  currents.     As  a  rule,  they  hide  behind  the  columns 
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of  the  technical  papers  and  throw  leaderettes  at  the  heads  ofMr.  Mordcir 
their  friends.  These  utterances  have  always  amused  me,  partly 
because,  when  I  first  noticed  that  eflfect  and  described  it  here, 
I  got  a  letter  from  Professor  Ewing,  in  which  he  said  he  had 
been  specially  interested  in  this  question  as  to  the  iron  loss  as 
affected  by  the  load,  "  because,"  he  says,  "  it  seems  to  me  your 
**  result  is  in  agreement  with  my  molecular  theory."  Now  here 
are  these  sapient  people  whose  knowledge  of  the  laws  of  Nature 
is  so  prodigious  that  they  were  perfectly  shocked  by  my  results ; 
there  was  Professor  Ewing,  who  has  perhaps  made  a  closer  study 
of  the  losses  in  iron  and  of  the  magnetic  behaviour  of  iron  than 
anybody  else,  or  all  the  others  put  together,  who  quite  thought 
the  thing  was  in  accord  with  his  most  carefully  formed  views. 
I  will  not  occupy  any  further  time  on  that,  except  to  say  that 
really  the  question,  however  interesting  in  its  scientific  aspects, 
is  not  so  important  as  it  appears  to  be  thought,  for  this  reason  : 
if  I  am  right — if  the  losses  in  iron  do  decrease  with  the  load — 
it  only  aflFects  the  efficiency  at  full  loads  or  at  considerable  loads ; 
whereas  the  great  and  important  question  on  which  this  battle 
of  transformer  design,  this  question  of  transformer  distribu- 
tion generally,  has  turned,  has  been  the  question  of  losses  at 
no  load. 

There  is  a  very  proper  feeling  in  this  Institution  against  the 
advertising  of  the  wares  of  any  particular  firm  or  manufacturer, 
but  we  must  remember  that  this  is  a  paper  intended  for  the 
assistance  of  practical  manufeusturers,  as  Professor  Fleming 
expressly  states  in  his  concluding  paragraph,  and  practical 
manufacturers  are  not  in  business  for  their  health.  They 
are  in  business  for  commercial  purposes;  they  want  to  make 
things  that  they  can  sell,  and  that  they  can  make  and  sell 
at  a  profit,  and  with  which  buyers  can  work  at  a  profit.  We 
can  only  properly  and  usefully  discuss  such  matters  by  giving 
careful  attention  to  questions  of  price  and  profit.  I  think  that 
perhaps  we  are  apt  to  be  a  little  too  squeamish  on  this  subject. 
We  may  freely  use  a  certain  letter  L  to  represent  self-induction, 
bat  if  we  put  twQ  horizontal  crosses  on  the  L,  and  make  it  £, 
to  represent  an  even  more  important  engineering  quantity  than 
self-induction,  it  is  "bnd  forir^.."  /^  T 
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iir.  Mordey.  While  on  this  Subject,  if  time  permitted,  I  would  have  wished 
to  make  some  remarks  on  the  commercial  aspects  of  the  subject ; 
but  I  will  only  now  say  that  it  is  merely  a  question  of  cost  to  get 
transformers  so  good  that  the  losses  at  no  load  are  negligible,  and 
that  it  is  not  a  diflScult  matter  to  csilculate  to  what  extent  it  is 
desirable,  commercially,  to  invest  money  in  efficient  transformers 
rather  than  to  spend  it  in  power. 

I  said  I  wished  to  speak  on  the  question  of  the  sudden 
rush  of  magnetising  current  into  transformers.  When  I  heard 
Dn  Fleming's  paper  read  I  was  astonished  at  that  result, 
because  I  had  never  observed  it  myself,  nor  am  I  aware  that 
any  of  our  people  had  ever  observed  it.  It  struck  me  as 
an  important  thing,  because  I  thought  it  might  throw  light 
on  certain  effects  and  breakdowns  of  transformers  that  I  had 
not  been  able  to  understand.  In  the  early  part  of  our  experi- 
ence transformers,  that  normally  ran  quite  well,  would  some- 
times break  down,  apparently  without  any  adequate  cause. 
So,  after  the  paper  was  read,  I  spent  a  couple  of  afternoons 
in  making  experiments  which,  with  your  j)ermission,  I  will 
describe,  as  perhaps  they  throw  a  little  additional  light  on  this 
curious  effect.  By  the  kindness  of  Major  Waller,  Mr.  Datton, 
and  Mr.  Partridge,  of  the  Ijondon  Electric  Supply  Corpora- 
tion, I  was  able  to  make  some  experiments  at  the  testing 
room  in  the  Adelphi  with  current  from  the  London  Electric 
mains.  At  first  I  was  inclined  to  think  the  effect  was  a  capacity 
effect.  But  Dr.  Fleming's  explanation  is  the  true  one.  He 
suggested  the  explanation,  and  I  am  very  glad  to  have  been 
able  to  make  a  definite  ex|.>eriment  to  show  that  his  explana- 
tion is  the  correct  one. 

(a.)  I  first  used  a  5-H.P.  Ferranti  transformer  on  the 
2,400-volt  mains  from  Trafalgar  Square.  On  the  same  mains 
there  were  many  transformers  in  use  in  customers'  houses,  and 
in  parallel  with  this  transformer  was  another,  only  a  few  feet 
away.  I  mention  this  because  it  indicates  that  the  effect 
could  scarcely  be  due  to  capacity,  as  a  number  of  transformers 
connected  in  parallel  form  a  connection  across  the  mains  close 
at  hand,  and  seem  to  preclude  such  an  explanation.     Then   a 
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100-volt  lamp  was  put  in  series  with  the  primary  of  this  trans-  Mr.  Morde^^ 
former,  the  secondary  being  open,  and  the  primary  circuit  was 
closed  rapidly.  Oat  of  47  contacts  there  were  seven  bad  "rushes  " 
of  current.  These  rushes  were  so  brilliant  that  I  was  afraid  the 
lamp  would  break — exactly  as  l)r.  Fleming  described.  Besides 
the  seven  bad  rushes  of  magnetising  current  when  the  trans- 
former was  switched  on,  out  of  the  47  times  there  were  a  number 
in  which  there  was  a  minor  rush — a  considerable  increase  over 
the  normal  magnetising  current. 

(b.)  A  secondary  circuit  of  non-inductional' resistance  was  put 
on,  taking  11  amperes  at  50  volts.  The  rushes  on  making  the 
primary  were  just  as  noticeable  as  before.  Out  of  46  contacts 
there  were  five  bad  rushes,  and  six  or  eight  minor  rushes.  The 
secondary  was  closed  all  the  time. 

(c.)  With  the  same  arrangement,  but  with  the  primary  closed 
all  the  time,  the  secondary  was  made  and  broken  mapy  times. 
There  was  no  abnormal  increase  of  current  in  the  primary. 

(d.)  A  20-H.P,  Ferranti  transformer  was  put  on,  and  tried 
as  in  (a).  Sixty  contacts  were  made ;  there  were  five  or  six 
small  rushes  of  current,  and  then  the  last  contact  broke  the 
lamp  by  an  extremely  violent  rush.  I  think  there  must  have 
been  fully  20  amperes  through  that  lamp  instead  of  less  than 
half  an  ampere.  That  entirely  confirms,  so  far,  what  Dr» 
Fleming  observed. 

(«.)  In  place  of  the  Ferranti,  I  put  one  of  my  20-H.P.  trans- 
formers, made  by  the  Brush  Company  for  the  London  Electric 
Company,  with  a  50-vblt  lamp  on  the  primary.  I  tried  both  the 
"  live  "  side  and  the  earthed  side  of  the  primary,  always  with  the- 
secondary  circuit  open.  Out  of  56  contacts  I  only  noticed 
one  little  flash — one  very  small  increase. 

For  more  sensitiveness,  a  100-volt  lamp  was  put  on,  and  in 

100  contacts  there   were  only   two  or  three  trifling  rushes  of 

current,  that  were  scarcely  perceptible,  the  effect  was  so -slight. 

Several   hundred   contacts    were    then    made    with    this  trans- 

•  former,  and  always  with  the  same  result. 

This  finished  the  experiments  at  the  Adelphi,  which  were  all 
.made  at  83  f\J.    These  experiments  so  far  show  that  the  effect 
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Mr.  Mordejr.  may  range  from  very  filigbt  to  very  objectionable,  according  to  the 
kind  of  transformer  used.  DiflFerent  qualities  of  iron  used  may 
explain  this.  The  presence  of  a  load  on  a  secondary  does  not 
prevent  it ;  the  presence  of  other  transformers  in  parallel  disposes 
of  the  supposition  that  it  is  a  capacity  effect  on  the  mains. 

(/.)  Our  24-H.P.  transformers  have  been  supplied  to  the 
City  of  London  Company,  and  as  some  were  being  put  on  I 
took  the  occasion  of  breaking  and  making  circuit  there,  bat 
could  get  no  rush.     This  was  at  100  f\J. 

(g.)  One  of  these  24-H.P.  transformers  was  then  tried  in 
the  shops  in  the  same  way,  and  out  of  485  contacts  I  could  get  no 
effect.     The  contacts  were  made  by  a  switch. 

(A.)  Then  I  made  a  number  of  exj)eriments  with  a  large 
amount  of  twin  rubber-covered  cable  in  the  circuit  to  give 
a  certain  amount  of  capacity,  but  I  got  no  rush  effect  at  all. 

(t.)  Then  I  took  a  5-H.P.  Ferranti  transformer — the  one  I 
had  used  at  the  London  Electric — ^and  made  400  contacts  with 
that,  and  got  no  effect  at  all  at  100  r\J  >  whereas  at  the  London 
Electric  station  at  83  OJ  the  effect  had  been  very  marked 
and  frequent. 

(j.)  Then  I  made  100  contacts  at  1,800  volts  with  this 
Ferranti  transformer,  and  at  100  (\J  I  could  get  nothing  at 
all,  but  got  about  a  dozen  flashes  at  83  (\J  . 

(k.)  Then  I  put  my  24-H.P.  transformer  on  at  83  f\j  and 
1,800  volts,  and  out  of  126  contacts  got  four  minor  rushes. 

(L)  At  100  (\J  and  2,000  volts  a  large  number  of  contact« 
were  made,  with  no  effect. 

I  thought  possibly  the  rapidity  of  closing  the  switch  might 
have  something  to  do  with  it — that  at  a  low  frequency  one  woidd 
be  more  likely  to  get  on  to  a  definite  part  of  the  curve  instead 
of  coming  dcwn  on  two  or  three  waves. 

So  (m.)  I  reduced  the  frequency,  and  instead  of  100  f\J  I 
tried  50  f\J ,  but  with  slow  contacts  I  got  no  effect. 

(ti.)  Then  I  tried  by  making  very  quick  contacts  by  tapping 
the  wire,  and  got  a  very  violent  effect  indeed  at  50  periods — 
showing,  in  fact,  that  the  contact  made  slowly  and  deliberately 
was  not  an  instantaneous  contact  at  all,  but  that  with  a  v^y 
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quick  contact  you  get  this  eflfect.  It  must  be  remembered  that  ^'-  Mord<^. 
a  small  spark  always  strikes  across  between  the  contact  pieces, 
before  the  actual  contact  is  made,  so  that,  even  with  a  rapidly 
acting  switch,  a  quite  instantaneous  closing  of  the  circuit  does 
not  take  place.  (In  order  to  ascertain  if  different  degrees  of 
magnetisation  had  any  effect,  the  same  transformer  was  tried  at 
voltages  varying  from  1,000  to  i},400,  always  with  about  the  same 
results.) 

(o.)  At  100  f\J  and  slow  contacts  there  was  no  effect ;  but 
with  very  rapid  contacts  there  were  occasional  minor  rushes,  the 
lamp  varying  from  black  to  fair  incandescence,  showing  that 
the  magnetising  current  ran  up  to  perhaps  half  an  ampere. 

These  experiments  show  that  there  is  a  relation  between 
frequency  and  time  occupied  in  switching:  the  lower  the  fre- 
quency the  worse  the  result.  Of  course  when  one  gets  on  the 
right  track  it  is  pretty  easy  to  go  on. 

Then  it  occurred  to  me  to  try  the  effect  of  rapid  making 
following  slow  breaking.  I  thought  that  a  slow  break  might  leave 
the  transformer  unmagnetised.  I  thought  if  I  could  draw  out 
the  current  so  that  the  final  waves  gradually  decreased  until 
they  were  very  small,  that  I  should  leave  the  residual  mag- 
netism in  the  transformer  very  slight  indeed.  It  appeared 
probable  that  rapid  making  would  be  harmless  if  it  followed 
slow  breaking,  because  by  slow  breaking  the  current  would  be 
tailed  off  in  gradually  decreasing  waves,  as  in  P^ig.  1. 


a 


Fig,  1. 
(p.)  I  made  a  number  of  trials  at  83  periods  at  the  works  with 
the  small  Ferranti  transformer,  and  they  fully  confirmed  this 
supposition.  It  was  not  possible  to  get  the  rush  effect  if  you 
slowly  broke  the  current  by  merely  using  a  slow-acting  switch. 
Slow  breaking  followed  by  rapid  making  never  showed  more  than 
a  very  slight  "rush/'     Slow  breaking  followed  by  slow  making 
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*4r.  Mordcy  never  showed  any  eflfect  at  all,  nor  did  slow  making.  That  is  to 
say,  if  the  current  is  made  to  decrease  slowly  at  breaking  (say 
from  a  to  6  of  Fig.  1),  or  to  increase  slowly  at  making  (say  from 
6  to  a  of  Fig.  1),  the  effect  is  avoided. 

I  do  not  find,  with  my  transformers,  that  anj'  precautions  wre 
necessary.  The  good  quality  of  the  iron  used,  combined  with  the 
higher  frequency,  appear  sufficient  to  prevent  this  eflFect,  and 
switches  of  ordinary  form  may  be  used.  But  when  lower 
frequency  is  employed,  it  appears  desirable  to  use  a  switch,  pre- 
ferably with  a  carbon  f^parking  piece,  that  breaks  and  makes 
rather  slowly.  It  does  not  appear  that  any  further  precaution  is 
needed. 

Then  there  was  a  question  mentioned  by  Dr.  Fleming  in 
connection  with  this  subject  that  I  did  not  understand.  He 
said  if  the  transformer  were  put  on  backwards-  -that  is  to  say,  if 
it  were  magnetised  by  the  secondary  instead  of  by  the  primary — 
this  eflFect  was  slight  or  did  not  occur.  I  did  not  understand  that. 
I  did  not  see,  if  residual  magnetism  was  the  cause,  why  the  eflFect 
should  not  occur  when  the  magnetising  current  was  applied  to 
the  secondary.  Well,  I  made  some  experiments,  and  found  it  did 
occur,  if  the  current  were  made  through  the  secondary  rapidly. 
But  the  real  reason  why  it  does  not  occur  under  ordinary  cir- 
cumstances if  the  transformer  be  magnetised  through  the 
secondary,  appears  to  be  that  the  resistance  of  the  switch  con- 
tacts bears  a  much  greater  proportion  to  the  resistance  of  the 
whole  in  the  case  of  the  secondary  switch  with  a  large  current 
than  in  the  case  of  the  primary  switch  with  a  very  small  current. 


tV 


Fig.  2. 

(q.)  To  see  whether  the  rush  occurred  when  the  trans- 
former was  indirectly  magnetised  on  the  secondary  side — the 
low-tension   side — I   made  an    experiment  as   shown  in.  Fig  2. 
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On  the  left  is  the  alternator.  The  secondaries  of  the  trans- Mr.  Mordey. 
formers,  T  and  T',  are  connected,  and  in  their  circnit  is  a  little 
1-C.P.  "  faijry "  lamp,  L'.  The  thin  wire  of  T'  is  open.  It 
will  be  seen,  therefore,  that  a  rash  on  magnetising  the  primary 
of  T  will  be  seen  on  lamp  L,  and  that  a  rush  on  magnetising  the 
secondary  of  T'  will  be  shown  on  the  lamp  L^  The  two  lamps 
were  specially  chosen  for  their  respective  positions,  L  being  only 
slightly  incandesced  by  the  normal  magnetising  current  of  the 
primary  of  T,  while  the  normal  magnetising  current  of  the 
secondary  of  T'  only  slightly  incandesced  the  lamp  U.  An 
excessive  incandescence  of  either  lamp,  therefore,  would  show  a 
**rush"  on  its  respective  circuit.  I  found,  on  making  and 
breaking  the  circuit  quickly  at  the  switch,  I  got  the  rush  in 
lamp  L  occasionally.  I  found  also,  that  I  occasionally  got  the 
rush  in  lamp  L^,  but  not  usually  at  the  same  time  as  in  L.  T 
was  magnetised,  and  had  its  own  rush   quite  independently  of 

'  T'.  One  lamp  would  glow  at  one  time  and  the  other  at  another. 
Sometimes  I  got  a  simultaneous  glow.  But  the  rush  of  the 
current  in  one  was  not  usually  simultaneous  with  the  rush  of 
current  in  the  other.  That  is  rather  curious,  but  is  probably  a 
result  of  lag,  and  may  perhaps  be  explained  by  supposing  that  the 
currents  in  T'  are  slightly  later  in  phase  than  in  T.  A  sudden 
contact  may  therefore  find  the  iron  of  T  in  a  st^te  favourable  to  a 
rush,  while  that  of  T'  is  unfavourable.  WhfU  a  simultaneous 
rush  occurs  it  indicates  that  both  have  been  left  by  the  last  reced- 
ing current  in  a  magnetised  state  sufficiently  favourable  to  allow 
a  rush. 

(r.)  I  wanted  to  see  whether,  when  the  rush  occurred  on  the 
primary,  it  penetrated  to  the  secondary — that  is  to  say,  whether 
a  large  wave  of  current  set  up  a  large  wave  of  magnetism. 
I  put  a  100-volt  16-C.P.  lamp  on  the  secondary  100-volt 
circuit,  and  made  and  broke  the  primary  rapidly,  but  found  no 
such  eflfect.  Whether  a  rush  occurred  in  making  the  primary 
circuit    or    not,  the   secondary  lamp  always   glowed   with   the 

'  same  incandescence,  showing  that,  although  we  got  a  rush 
of  current  many  times  greater  than  the  normal  magnetising 
current  going  into  the  transformer,  it  did  not  penetrate  through 
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Mr.  Mordey.  to    the  Secondary.      Therefore    there   does   not   appear  to  be  a 
large  wave  of  maguetism  set  up  by  the  enormous  rush  of  current. 

I  am  not  able  to  explain  this,  and  wish  to  direct^attention  to 
it.  The  point  is  one  of  great  interest.  From  the  intense  incan- 
descence of  the  lamp  in  the  primary  (and  in  view  of  the  great 
suddenness  of  tiie  eflfect),  there  is  no  doubt  that  the  momentary 
current  is  several  amperes,  instead  of  a  fraction  of  an  ampere. 
For  instance,  the  ordinary  magnetising  current  in  some  even  of 
the  large  transformers  used  is  not  more  than  from  O'l  to  0  2  ampere 
— insufficient  to  visibly  heat  the  filament  of  the  100-volt  lamp 
generally  used,  the  normal  current  of  which  is  0*6  ampere.  But 
a  sudden  rush  would  often  violently  incandesce,  and  sometimes 
even  break,  the  filament  in  a  manner  that  could  scarcely  be 
exceeded  in  brilliance  if  it  had  been  switched  direct  on  the  2,000- 
volt  mains.  This  current  would  be  sufficient  to  magnetise  the 
iron  of  the  transformer  far  above  any  ordinary  working  limits,  and 
indeed  to  complete  its  saturation,  and  under  ordinary  circum- 
stances would  of  course  set  up  an  opposing  E.M.F.  in  the  primary 
of  several  times  2,000  volts.  But  apparently  the  current  enters 
without  even  setting  up  a  momentary  wave  of  magnetism  in 
excess  of  the  normal,  for  otherwise  the  secondary  circuit  would  be 
affected,  and  show  the  result  on  a  lamp  placed  as  described. 

What  I  have  just  said,  applies  whether  the  rush  be  regarded 
as  a  succession  of  alternate  currents  (as  Dr.  Fleming  concludes 
from  Exp.  8,  p.  682),  or  a  single  rush  of  current  in  one  direction. 

Dr.  Fleming's  explanation  is  that  the  sudden  rush  is  due  to 
residual  magnetism, — that  if  the  receding  wave  left  the  iron 
with  a  certain  magnetic  set,  and  the  succeeding  wave  came  in 
the  same  direction,  it  would  not  meet  with  the  same  opposition 
as  if  the  following  wave  were  in  the  opposite  direction. 

It  appeared  that  was  the  correct  explanation.  Using  a 
lamp  that  was  not  incandesced  by  the  normal  magnetising 
current,  you  would  get  all  degrees  of  incandescence  by  making 
rapid  contacts ;  the  lamp  would  be  generally  black,  but  you 
would  get  all  degrees  of  incandescence  up  to  brilliant  light, 
showing  that  the  current  that  entered  depended  upon  the  part 
of  the  wave  at  which  the  contact  was  made.     I  thought  that  I 
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might   make  an  experiment  as  a  way  of  settling  or  illostrating  Mr  Mordey. 
that  point. 

(«.)  I  took  a  small  1-ampere  1-C.P.  lamp  (Fig.  3)  and  put  it 


Fig.  a 

in  a  series  with  several  transformers,  and  a  secondary  battery  to 
snpply  the  current,  so  as  to  get  the  waves  in  either  direction  at 
will,  and  I  found  that  the  result  quite  confirmed  the  explanation 
which  Dr.  Fleming  had  given.  When  I  made  the  contact  so 
that  the  current  flowed  in  the  same  direction  as  the  pre\ious 
current,  the  lamp  took  about  a  second  or  a  second  and  a  half  to 
incandesce ;  when  in  the  opposite  direction,  it  took  four  or  five 
seconds  to  incandesce — showing  that  the  current  had  to  wipe  out 
the  previous  magnetism  in  the  iron  of  the  transformer  in  the 
latter  case,  and  set  up  its  own  magnetic  field  before  it  could  reach 
the  steady  stage.  [Mr.  Kapp :  "  Continuous  current  ?  "]  Direct 
current ;  no  alternator  at  all. 

My  experiments  have  been  made  somewhat  hastily,  in  order 
that  I  might  be  able  to  discuss  this  section  of  the  author's  paper 
this  evening,  but  the  results  have  been  carefully  noted.  It  will, 
however,  be  seen  that  investigation  is  needed  to  clear  up  one  or 
two  curious  points.  So  fiir  as  the  results  go,  however,  they 
appear  to  point  to  the  following  conclusions : — 

1.  The  "  sudden  rush  "  is  due  to  residual  maj^netism. 

2.  It  appears  on  the  magnetising  circuit,  whether  primary 

or  secondary. 

3.  In   some  transformers   it   is  more  frecjuent   and   violent 

than  in  others,  probably  because  of  the  quality  of  iron 
used. 

4.  It  consists  of  large  waves  of  current,  which  do  not  appear 

to  set  up  unusually  high  degn^es  of  magnetisation. 

5.  It  is  prevented  by  slow  breaking  or  slow  making,  imder 

ordinary  circumstances. 

6.  It  is  less  noticeable  at  high  than  at  low  periodicities. 
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Mr.  Mordcy.  7.  At  100  Pvj  with  good  iron  it  is  almoiit  inappreciable, 

and  no  precautions  are  needed  to  prevent  it. 

8.  Even   at    low  periodicities,   if  good   iron   is   used,  it   is 

avoided  by  simply  using  a  rather  slow-acting  switch. 

9.  It  is  not  an  effect    accompanying  increase  of  load  on  a 

working  transformer. 
10.  A  closed  secondary  circuit  does  not  jirevent  it. 
When  working  at  this,  I  remembered  that  I  had  read  a  long 
while  ago  a  paper  by  I^ord  Elphinstone  and  Mr.  Vincent  that  bore 
on  this  point.     I  find  it  in  the  Telegraphic  Joumcdj  volume  viii., 
April  the  15th,  1878.     A  number  of  experiments  were  described 
before   the   Royal   Society   showing  the   great   retentiveness    of 
electro-magnets.     When  the  current  was  taken  oflF,  the  authors 
were  able  to  load  up  electro-magnets  in  a  very  curious  way.     In 
one  case  an  electro-magnet-weighing  only  5  oz.,  when  magnetised 
by  a  single  bichromate  cell,  would  hold  up  1  lb.     They  took  the 
current  off,  and  went  on  loading  it  up  for  24  hours,  when  it 
carried  50  oz. 
^^-  Mr.  E.  E.  Crompton  :  I  believe  that  most  of  those  who  are  in 

the  room  will  admit  that  I  have  for  some  years  past  held  strongly 
to   the   opinion  that  the  distribution  of  energy  by  alternating 
currents  has  yet  to  be  improved  to  a  very  considerable  extent 
before  it   can   seriously   compete   with   the  older  and   simpler 
methods  of  distribution  by  direct  currents.     In  the  year  1888  I 
read  a  paper  on  this  subject,  and  I  think  it  would  astonish  some 
of  the  gentlemen  who  discussed  that  paper  if  they  were  now  to  turn 
up  and  read  that  discussion.     I  then  gave  a  figure  for  the  con- 
sumption of  fuel  which  at  that  time   was  laughed  at   by   the 
supporters  of  alternating-current  distribution,  but  which  has  not 
even  yet  been  reached  by  the  most  improved  and  economical 
alternating  supply  stations  now  in  existence.     On  the  other  hand, 
I  then  gave  a  figure  for  direct  distribution  which  has  already  been 
surpassed  in  several  of  the  London  stations,  so  that  I  wish  to 
make  it  clear  that  real  progress  in  electrical  distribution  during 
the  last  five  or  six  years  has  been  in  direct-current  distribution, 
and  that  up  to  the  date  of  the  prt^sent  paper  alternating  distribu- 
tion has  almost  stood  still — ^that  is  to  say,  when  regarded  from 
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the  point  of  view  of  economy.   The  causes  of  the  difference  in  the  Mr. 

1       1        •        1  •    n    •  J        Crompton 

rate  of  progress  between  the  two  systems  no  doubt  is  chiefly  due 
to  the  great  difficulty  found  in  ascertaining  where  the  losses  in 
alternating  distribution  really  lie.  Those  working  direct  systems 
have  been  able  from  the  very  first  to  so  locate  and  measure  their 
losses  that  they  have  been  able  to  introduce  corrections  into  their 
designs  which  have  resulted  in  the  present  increased  economies ; 
but  with  the  alternating  system  the  engineers  in  charge  of  the 
stations  are  still  so  completely  in  the  dark  that  the  only  guide 
they  have  as  to  the  real  output  of  their  station  is  that  taken  from 
the  readings  of  the  consumers'  meters,  and  as  these  are  only  taken 
at  long  intervals  of  time,  it  increases  the  difficulty.  Looking  at 
the  matter  from  this  point  of  view,  the  author's  paper  is  an 
exceedingly  valuable  addition  to  the  literature  of  alternating 
supply,  as  it  does  give  us  some  hope  that  in  the  future 
these  losses  can  be  better  located,  and  that  one  cause  of  loss — 
viz.,  that  in  the  transformers — will  be  greatly  diminished, 
especially  at  the  times  of  light  loads  ;  but  it  would  be 
a  great  mistake  if  the  high  efficiencies  of  certain  transformers 
given  in  this  paper  were  to  lead  the  world  to  suppose  that  these 
improvements  in  transformer  design  will  make  any  great  reduc- 
tion in  the  heavy  losses  which  now  exist.  The  best  way  of 
bringing  the  extent  of  these  losses  before  you  is  to  take  a  figure 
representing  what  would  be  the  true  economic  efficiency  of  the 
best  existing  generating  and  distributing  plants  when  worked 
under  the  best  conditions,  and  independently  of  load-factor — that 
is  to  say,  when  worked  continuously  ^t  full  load.  We  may 
suppose  that  under  these  conditions  both  classes  of  plant  may 
attain  the  same  efficiency.  Now  we  know  that  with  the  best 
existing  direct-current  plant  it  is  quite  possible  to  generate  and 
distribute  to  the  users  at  a  consumption  of  3'7  lbs.,  say  37-10th8 
of  a  lb.,  of  coal  per  Board  of  Trade  unit  delivered  at  the  lamps ; 
and  it  is  quite  possible  that  the  best  alternating  plant  could  do 
as  well  under  the  same  conditions.  Let  us  call  this  figure  37  • 
Now  we  find  that  whereas  the  best  figure  obtained  in  practice  up 
to  the  present  with  direct-current  plant  is  64,  leaving  only  a 
difference  between  37  and  64  as  the  loss  due  to  bad  load-factor. 
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and'  which  loss  will  probably  still  be  considerably  diminished  by 
improved  design,  methods  of  working,  and  better  organisation ; 
in  the  case  of  alternating  machinery  the  difference  is  as  between 
37  and  160,  leaving  123-lOths,  or  12^  lbs.,  of  coal  per  unit  as  the 
amount  wasted,  and  which  has  yet  to  be  dealt  with.     We  know 
that  a  i)ortion  of  this  loss  lies  still  in  the  transformers,  and  is 
probably  due  to  the  low  load-factor  conditions  under  which  trans- 
formers  are   necessarily  Worked.      Now,  although   Dr.  Fleming 
shows  in  his  paper   that   some   modem   transformers  worked  at 
one-tenth  of  their  load  show  fair  efficiencies,  yet  even  under  the 
improved  conditions  of  placing  them  in  transformer  sub-stations 
it  is  doubtful   whether  the  load-factor  will  often  be  as  high  as 
one-tenth,  so  that  these  high  efficiencies  will  not  be  reached  in 
practice.     As  a  matter  of  fact,  the  load-factor  at  a  transformer 
sub-station  will  occupy  a  ix)sition  lying  between  that  of  the  load- 
factor  at  the  central  station  itself,  and  that  of  a  private  house — 
that  is  to  say,  that  it  would  lie  between  14  and  5.     The  efficiency 
of  the  best  transformer  described  in  the  paper  and  calculated  from 
the  figures  furnished  in  the  paper  would  not  exceed  54  per  cent, 
if  worked  with  the  average  load-factor  of  a  London  private  house, 
but  its  efficiency  may  be  raised  to  80  per  cent,  if  worked  on  a 
load-factor  of  7  in  a  transformer  sub-station. 

The  other  point  to  which  the  author  has  called  attention — 
namely,  the  great  rush  of  current  which  he  has  noticed  when  trans- 
formers are  first  switched  on — may  have  a  very  serious  effect,  as 
tending  to  break  down  the  insulation  of  these  transformers,  and  I 
shall  be  glad  to  hear  what  the  author  proposes  to  do  to  prevent  this. 
Mr.  MoRDEY :  If  I  am  in  order,  I  wish  to  point  out  that  the 
object  of  my  remarks  was  to  show  that  with  proper  precaution 
this  effect  is  not  dangerous,  nor  the  cause  of  danger,  in  any  case. 
Mr.  Crompton  may  be  quite  comfortable  in  his  mind  as  to  the 
breakdown  of  transformers  from  that  cause. 

Dr.  Sumpxer:  In  the  first  place,  I  wish  to  allude  to  two 
methods  of  testing  transformers  which  Dr.  Fleming  mentions  in 
the  first  page  of  his  paper.  These  methods  are;  due  to  Dr. 
Hopkinson  and  myself,  and  were  described  in  the  same  number  of 
the  Electrician  some  time  since.     They  are  classed  together  here 
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as  if  they  were  much  alike  and  were  subject  to  the  same  dis-  Dr. 

Siimpner. 

advantages.  But  although  alike  in  principle  they  are  very 
different  in  practice.  There  is  all  the  difference  between  them 
that  exists  between  a  method  which  can  only  b^  used  in  a  labora- 
tory, and  another  suitable  for  use  in  works.  Dr.  Uopkinson's 
method  requires  very  special  apparatus  only  to  be  found  in  a  first- 
rate  laboratory.  The  method  I  adopted  merely  needs  an  ordinary 
wattmeter,  and  measures  directly  the  quantity  which  is  most 
wanted,  namely,  the  losses  occurring  in  the  transformer.  It  is  an 
economical  method,  because  no  mbre  power  need  be  used  than  that 
which  is  actually  wasted  in  the  transformers  themselves ;  and  it  is 
not  only  economical  in  power,  but  also  in  plant.  Mr.  Mordey, 
who  has  used  the  method  in  testing  transformers  at  the  Brush 
Works,  has  found  it  possible  to  test  50-H.P.  transformers  with  a 
dynamo  giving  out  not  more  than  5  H.P.  No  doubt,  as  Dr. 
Fleming  mentions,  it  can  only  be  applied  when  there  are  two 
transformers  available.  But  that  is  no  disadvantage  in  works. 
The  accurate  laboratory  testing  of  transformers  is  not  a 
matter  which  will  always  need  attention.  What  need  exists  has, 
in  fact,  been  to  a  great  extent  removed  by  this  exhaustive  paper 
of  Dr.  Fleming's.  But  it  will  always  be  desirable  in  works 
to  subject  transformers  which  have  been  just  made  to  some 
simple  thorough  test  to  ascertain  anything  which  may  be  faulty 
about  their  construction.  The  method  I  have  mentioned  is 
specially  suitable  for  this  purpose.  By  its  means  two  trans- 
formers may  be  run  at  full  load  for  twelve  hours  without  wasting 
more  energy  than  would  otherwise  be  needed  to  test  one  of  those 
transformers  at  full  load  for  a  single  hour.  When  it  is  necessary 
to  test  a  single  transformer,  a  simpler  and  more  accurate  method 
than  any  of  those  mentioned  by  Dr.  Fleming  is  one  in  which  the 
iron  and  copper  losses  occurring  in  the  transformer  are  separately 
determined  by  means  of  a  single  wattmeter.  The  wattmeter 
should  first  of  all  be  used  to  test  the  iron  losses  in  the  transformer — 
that  is  to  say,  the  losses  on  open  circuit — ^when  energy  is  supplied 
to  the  ^ici-wire  coil  at  the  proper  voltage.  Next,  the  thick-wire 
coils  of  the  transformer  should  be  short-circuited,  and  the  same 
wattmeter  used  to  test  the  copper  losses,  by  passing  the  current 
YOL.  XXI.  51  r^^^^T^ 
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into  thefine^wire  coil  and  measaring  the  power  read  by  the  watt- 
meter when  the  fulMoad  currents  are  passing  through  the  trans- 
former. The  reading  of  the  wattmeter  in  the  second  case 
measures  the  copper  losses  in  the  transformer.  With  all  due 
deference  to  Mr.  Mordey,  the  iron  losses  may,  I  think,  be  taken  as 
constant  at  all  loads,  and  the  total  losses  occurring  in  the  trans- 
former are  simply  the  sum  of  the  two  wattmeter  readings,  and 
from  that  sum  the  eflSciency  of  the  transformer  can  of  course  be 
easily  found. 

The  next  point  I  wish  to  refer  to  is  connected  with 
wattmeters.  I  have  always  held  the  opinion  that  a  good  watt- 
meter is  not  only  the  simplest,  but  also  the  most  accurate,  means 
of  measuring  power  supplied  by  alternating  currents.  A  watt- 
meter made  with  proper  care  will,  I  have  always  believed,  measure 
power  quite  sufficiently  accurately  for  all  practical  purposes.  Of 
course  this  has  always  been  Mr.  Swinburne's  view,  and  we  were  all 
much  surprised,  no  doubt,  to  learn  that  one  particular  wattmeter 
made  by  him  read  so  wrongly.  If  the  explanation  is  that  which 
Dr.  Fleming  gives  in  his  paper,  the  result  is  of  great  importance, 
as  it  forms  a  great  argument  against  the  use  of  wattmeters.  If  a 
maker,  who  believes  that  the  inductance  in  the  wattmeter  can  be 
reduced  till  it  is  negligible,  only  succeeds  in  making  an 
instrument  which  has  a  considerable  inductance,  it  means  that 
wattmeters  are  unreliable  instruments.  If,  however,  the  explana- 
tion of  the  errors  in  this  particular  wattmeter  is  that  which  Mr. 
Swinburne  has  suggested — namely,  that  it  is  due  to  eddy-currents 
in  pieces  of  metal  near  the  coils — ^the  matter  is  of  very  little 
importance,  since  nothing  is  easier  than  to  remove  the  pieces  of 
metal  and  thereby  'render  the  instrument  exact.  I  have 
accordingly  thought  it  worth  while  to  examine  this  question 
carefully.  I  have  come  to  the  conclusion  that  .it  is  impossible  to 
account  for  the  errors  in  the  instrument  in  the  way  suggested  by 
Dr.  Fleming  without  assuming  a  far  larger  capacity  in  the  coils 
than  they  can  possibly  possess.  On  the  other  hand,  the  hypothesis 
of  eddy-currents  in  pieces  of  metal  near  the  coils  renders  all  the 
observations  consistent  with  each  other.  I  have  shown,  in  fact — 
I  do  not  wish  to  go  into  it  now,  as  it  is  late,  and  it  would  take 
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too  long — that,  taking  two  results  which  Dr.  Fleming  has  given,  »'•  ^  ^^^^ 
it  is  possible  to  predict  the  other  seven  or  eight  readings  of  the 
wattmeter;  and  I  suggest  that  this  explanation  may  be  incorporated 
with  the  printed  version  of  my  remarks.  I  will  only  add  now 
that  Dr.  Fleming  himself  was  the  first  to  point  out,  about  six 
years  ago,  the  principle  on  which  the  explanation  rests.  At  that 
time  Dr.  Fleming  showed  that  when  apiece  of  metal  was  suspended 
near  a  coil  through  which  an  alternating  current  of  electricity 
was  passing,  the  eddy-currents  induced  in  the  metal  plate  were 
such  as  to  cause  a  force  between  the  coil  and  the  suspended  metal 
plate.  The  explanation  given  by  Dr.  Fleming  was  that  the  eddy- 
currents  lagged  behind  the  electro-motive  force  induced  in  the 
plate  by  the  alternatiug  currents  in  the  coil  near  it.  If  Dr.- 
Fleming  had  not  apparently  forgotten  all  about  this  lag,  he  would 
.perhaps  have  been  able  to  see  the  reason  why  the  Swinburne 
wattmeter  reads  too  high  when  it  is  meaisuring  power  supplied  to 
condensers,  and  too  low  when  measuring  power  supplied  to 
choking  coils.  However,  I  have  gone  fully  into  the  matter,  and 
my  theory  of  it  may  be  printed  afterwards.  A  more  convincing 
proof  that  my  view  is  correct  is  the  fact  that  I  have  put  the 
matter  to  an  experimental  test.  I  have  taken  an  ordinary  Ganz. 
wattmeter,  made  like  a  Siemens  dynamometer,  and  used  it  to* 
test  the  power  given  to  both  condensers  and  choking  coils,  and  . 
tested  whether  bringing  up  a  plate  of  metal  near  the  coil  altered 
the  deflection  of  the  wattmeter.  I  found  that  the  deflection  of 
the  wattmeter  was  increased  when  it  was  used  to  measure  power- 
supplied  to  condensers,  and  was  diminished  when  used  to  measure- 
power  supplied  to  choking  coils.  For  instance,  in  one  case  of 
testing  condensers  the  true  power  was  35  watts ;  when  I  brought 
two  plates  of  metal,  one  on  each  side  of  the  coil,  up  to  the  instru- 
ment, the  reading,  instead  of  being  35,  was  146  watts — that  is  to 
say,  four  times  the  proper  amount  of  power.  In  this  experiment 
the  voltage  was  102,  the  current  13  amperes,  and  the  frequency 
200.  When  I  was  testing  a  choking  coil,  the  primary  coil  of  a 
"hedgehog''  transformer,  the  reading  was  altered  from  105  to 
73— that  is  to  say,  it  was  diminished  to  70  per  cent,  of  its  proper 
value.    These  tests,  I  think,  prove  the  matter  conclusively. 
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Dr.  Fleming  has,  I  am  glad  to  see,  laid  stress  on  the  im- 
portance of  the  quantity  which  he  calls  the  "  power-factor."  I  have 
felt  for  a  long  time  that  this  factor  is  a  much  more  important 
thing  than  the  inductance  of  the  circuit.  About  18  months  ago, 
when  Dr.  Fleming  read  his  paper  on  the  Ferranti  mains  before 
this  Institution,  I  wrote  an  article  for  the  Electrician  the  chief 
object  of  which  was  to  point  out  the  significance  of  this  quantity, 
and  I  gave  its  value  in  several  important  cases. 

The  following  communication  contains  my  theory  of  the  errorg 
in  the  wattmeter  alluded  to  by  Dr.  Fleming : — 

Suppose  the  current  in  the  volt  coil  of  the  wattmeter  at  any 
moment,  ^,  is  v  sin  p  ty  and  that  in  the  current  coil  A  sin  (p  i  —  ^), 
where  <f>  is  the  lag  due  to  the  inductance  of  the  circuit,  being 
.positive  for  choking  coils  and  negative  for  condensers:  the 
electro-motive  force  induced  in  a  plate  of  metal  near  the  current 
coil  will  be  proportional  to  the  rate  of  decrease  of  the  current — 

Asin  (p  t  — ^), 
or  to  —  cos  (pt  —  (j>); 

and  the  currents  induced  in  the  metal  will  be  proportional  to 

—  cos  (j9  ^  —  <^  —  if}'), 

where  <f>'  is  an  angle  of  lag  owing  to  the  time  constant  of  the 
currents  in  the  metal.  The  action  on  the  pressure  coil  of  the 
wattmeter  will  be  that  due  to  a  current — 

A  sin  (pt  —  <f>)  —  A'  cos  (j5  ^  —  ^  — ■  ^'), 
where  A'  is  some  constant  depending  on  the  position  of  the  metal 
plate. 

The  deflection  of  the  wattmeter  will  be  determined  by  the 
mean  product  of  this  current  and  the  current  in  the  pressure  coil ; 

or 

A  V  cos  ^  —  A'  V  sin  (<^'  +  ^). 

If  there  were  no  metal  plate,  the  deflection  would  be  proportional  to 

A  V  cos  <^. 

So  that  the  watts  as  read  by  the  wattmeter  will  bear  to  the 

true  watts  the  ratio, 

J  _  A^  sin  (<t>  +  (f>') 

A  cos  ^ 

Since  <t'  and  the  ratio  of  A'  to  A  are  constant,  this  factor  takes 
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the  form, 

1  —  a  —  /8  tan  <^, 

'where  a  and  ff  are  constants,  and  cos  ^  is  equal  to  the  "  power- 

**  factor  "  of  the  circuit  with  which  the  wattmeter  is  connected. 

Dr.  Fleming  has  given  sufficient  data  in  his  paper  for  testing 

the  accuracy  of  this  formula,  and  I  find  that  by  taking  a  ='0'2 

and  13  =  0*0267  all  the  cases  mentioned  in  which  the  Swinburne 

wattmeter  gave  erroneous  readings  can  be  satisfactorily  accounted 

for.     The  following  table  gives  the  results : — 


Dr. 

Smnpner. 


■  k 

Circuit  Tested. 

Power- 
Fiictor, 
Coa^. 

Tan^. 

Ratio  of  Watts  read  by 

Swinborne  Wattmeter 

to  True  Watts. 

Experi- 
mental. 

Calculated. 

"Hedgehog"  transformer 

0-063 

15-61 

0-34 

0-39 

Condensers 

0-022 

-45-1 

1-93 

2-00 

Condensers  &" hedge-" 
hog  "  transformer  in 
parallel 

0-17 

5-77 

0-67 

0-65 

3  small   "  hedgehog  "f 
transformers...         f 

0-096 

10-38 

0-65 

0-53 

Mordey  transformer   .. 

0-77 

0-83 

0-76 

0-78 

Th.-Houston     „ 

054 

1-56 

0-77 

0-76 

Kapp                „ 

0-61 

1-29 

0-74 

0-77 

Fenranti           „ 

0-81 

0-72 

0-78 

0-78 

»»                 » 

085 

0-62 

0-89 

0-79 

The  power-factors  given  in  the  second  column  are  taken  from  Dr. 
Fleming's  pai)er,  or  calculated  from  the  numbers  there  given. 
The  experimental  ratios  given  in  the  fourth  column  are  obtained 
by  dividing  the  readings  of  the  Swinburne  wattmeter  by  the 
corresponding  readings  of  the  dynamometer  wattmeter,  the 
numbers  in  every  case  being  taken  from  Dr.  Fleming's  paper. 

In  connection  with  Dr.  Fleming's  interesting  observations 
about  the  sudden  rush  of  current  which  sometimes  occurs  at  the 
moment  of  switching  on  the  primary  circuit  of  transformers,  I  should 
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like  to  refer  to  a  paper  of  mine  printed  in  the  Philosophical  Mag^ 
azine  for  June,  1888,  and  partially  reproduced  in  Dr.  Ileming's 
book  "  The  Alternate-Current  Transformer,"  vol.  i.,  pp.  263-268. 
I  there  show  that  when  an  alternating  electro-motive  force  is 
suddenly  applied  to  a  circuit  possessing  self-induction,  the 
current  which  passes  may,  for  the  first  few  alternations,  far  exceed 
the  final  value  to  which  the  current  settles  down ;  and  actual 
curves  are  drawn  for  a  Kapp  transformer  under  special  circum- 
stances. When  the  data  representing  ordinary  working  con- 
ditions of  transformers  are  taken  into  account  it  will  be  found 
that  this  sudden  rush  of  current  may  be  of  enormous  magnitude 
if  the  impressed  electro-motive  force  of  the  mains  happens  to  be 
BTnall  compared  with  its  maximum  vcdue  at  the  moment  the 
primary  circuit  is  switched  on.  There  is  no  need  to  assume, 
as  Dr.  Fleming  does,  that  the  eflfect  is  due  to  the  iron  of  the 
transformer  being  left  magnetised  in  a  manner  depending  on  the 
conditions  under  which  the  transformer  was  previously  discon- 
nected from  the  circuit.  It  must  be  remembered  that  the  iron 
of  transformers  is  never  worked  at  a  high  induction  density,  and 
that,  even  if  the  core  were  left  magnetised  as  much  as  possible 
when  the  previous  current  was  switched  oflF,  it  would  still  be 
capable  of  receiving  a  large  increase  of  magnetism  before  reaching 
saturation. 

Mr.  Raworth  :  May  I  say  one  word  ?  I  should  be  very  sorry 
on  this  occasion  if  the  discussion  should  be  turned  away  from  the 
consideration  of  Dr.  Fleming's  paper,  which  I  imderstand  was  on 
transformers  and  methods  of  testing  them.  Mr.  Crompton  has 
been  enjoying  himself  to-night.  We  know  he  is  never  quite 
happy  unless  he  is  telling  us  he  is  perfectly  sound  in  his  views  on 
low  tension,  and  that  those  who  advocate  high  tension  are  totally 
and  completely  wrong.  Now,  Sir,  if  it  were  not  that  Mr. 
Crompton  takes  so  much  trouble  to  smash  up  the  enemy,  we 
might  get  the  notion  that  that  enemy  was  of  no  importance ;  but 
seeing  that  he  never  misses  a  chance  of  having  a  shot  at  the 
opposition,  we  must  come  to  the  conclusion  that  it  is  not  so 
despicable  as  he  tries  to  make  out.  I  hope  the  discussion  will  not 
be  thrown  oflF  the  direct  issue  by  Mr.  Crompton  throwing  down 
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the  red  rag.  We  shall  be  happy  at  a  suitable  time  to  pick  it  up,  ^^.^^^ 
and,  by  the  aid  of  the  scientific  gentlemen  who  have  come  forward 
to  help  us  to  elucidate  this  question,  to  give  a  good  account  of 
the  alternate-current  transformer  system.  He  says  we  do  not 
know  our  primary  losses  nor  our  secondary  losses;  but  I  can 
assure  him  that,  although  we  may  not  always  know  them  exactly, 
we  do  know  the  limits  of  them.  In  the  case  of  Newcastle-on- 
Tyne,  where  they  have  to  supply  a  very  large  district  with 
alternating  currents,  they  get  paid  for  a  certain  number  of  units 
which  are  passed  through  the  meters ;  and  the  coal,  or  a  certain 
black  substance  resembling  coal,  which  is  used  to  produce  the 
result  amounts  to  20  lbs.  per  unit.  At  Liverpool,  where  a  very 
large  district  has  the  advantage  of  the  low-tension  system,  if  it  is 
an  advantage, — also  the  advantage  of  accumulators,  if  they  are  an 
advantage, — they  also  use  20  lbs.  of  this  black  stuff  which  is 
presumably  coal,  to  produce  one  unit.  There  is  no  difficulty  in 
comparing  these  results.  It  is  a  very  happy  circumstance  that  in 
both  places  they  are  using  this  North  Country  slack  worth  6s.  or 
78.  a  ton,  and  that  they  also  both  use  Lancashire  boilers  with 
automatic  stokers,  so  that  we  have  "  low  tension "  fairly  pitted 
against  "  high  tension,"  with  absolutely  equal  results. 

Mr.  Albright  :  I  have  only  one  word  to  say  with  regard  to  Mr. 
what  Mr,  Raworth  has  just  said.     It  must  be  a  matter  of  common 
knowledge  to  anybody  who  knows  what  they  do  at  Liverpool  that 
they  practically  do  not  use  batteries. 

The  President  :  It  is  evident  that  the  remarks  on  the  paper 
before  us  are  not  nearly  exhausted,  and  I  therefore  adjourn  the 
discussion  until  January  next. 

I  have  to  announce  the  result  of  the  ballot  for  Council  and 

Officers  as  follows : — 

President : 

W.  H.  Preece,  F.R.S.,  M.  Inst.  C.E. 
Vice-Presiderda : 


Alexander  Siemens,  M.  Inst. 

C.E. 
R.  E.  Crompton,  M.  Inst.  C.E. 


Sir    David    Salomons,    Bart., 

M.A. 
Sir  Henry  Mance,  CLE.,  M. 

Inst.  C.E. 
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Ordinary  Members  of  Council: 


Major  G.  W.  Addison,  E.E. 

Frank  Bailey. 

Professor  J.  A.  Fleming,  M.A., 

D.Sc.,  F.R.S. 
Professor  George  Forbes,  M.A., 

F.R.S.,  F.R.S.E. 

W.  T.  GOOLDEN,  M.A. 

Dr.  Edward  Hopkinson,  M.A. 


Colonel  R.  Raynsford  Jackson. 
GiSBERT  Kapp,  M.  Inst.  C.E. 
Professor  A.  B.  W.  Kennedy, 

F.R.S.,  M.  Inst.  C.E. 
Professor  J.  Perry,  D.Sc,  F.R.S. 
W.  M.  Mordey. 
James  Swinburne. 


Associate  Members  of  Council: 

W.  A.  Chamen.  I    C.  P.  Sparks. 

Arthur  Wright. 

Honorary  Auditors: 
Frederick  C.  Danvers.  |    Augustus  Stroh. 

HoTwrary  Treasurer: 
Sir  David  Salomons,  Bait.,  M.A.,  Vice-President. 

Honorary  Solicitors: 
Messrs.  Wilson,  Bristows,  &  Carpmael,  1,  Copthall  Buildings,  E.C. 

The  President:    The   scrutineers  also  report  the  following 
candidate  as  duly  elected : — 

Associate : 
Thomas  Joseph  Gough. 

The  meeting  then  adjourned. 
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J.  VIOIAB— THE  RADIATION  OF  INCANDESCENT  BODIES. 

{Journal  </«  Physique^  July,  1892,  p,  299.) 

As  the  temperature  of  a  body  rises  the  total  nidiation  increases,  and  at  the 
same  time  the  nature  of  the  radiation  changes ;  radiation  of  shorter  and  shorter 
wave-length  coming  into  action.  The  lowest  temperature  at  which  radiation  begins 
to  which  the  human  eve  is  sensitive  is  about  850° ;  this  point  varies  a  little  with 
different  observers,  and  varies  also  with  different  bodies.  The  author  has  been 
tiring  for  some  time  to  find  the  law  of  increase  of  radiation  with  temperature  for 
rays  of  particular  wave-lengths,  and  gives  the  following  results.  The  unit  taken  is 
the  radiation  at  1,000°.  The  last  column  are  the  results  obtained  by  Le  Chatelier, 
working  with  red  glass  instead  of  true  monochromatic  light 


Temperature. 

A  -  fi56. 

A  -  689-2. 

Ked  Glass. 

775** 

0-046 

0-027 

0-04 

954° 

O-.-JS 

0-53 

0-55 

1,045° 

1-80 

1-93 

1-68 

1          1,500° 

85 

IIG 

98 

1          ^'''^° 

.     280 

430 

450 

The  discrepancy  M.  VioUe  attributes  to  the  light  which  the  red  glass  allows  to 
]M88  becoming  less  and  less  monochromatic  ns  the  radiating  body  becomes  hotter, 
and  believes  that  his  own  results  with  true  monochromatic  light  obtained  with  the 
spectro- photometer  are  the  more  accurate.  He  deduces  from  them  the  fact  that 
radiation  of  any  particular  wave-length  does  not  keep  on  increasing  indefinitely  as 
the  temperature  rises.  Con  finning  this,  he  quotes  some  previous  experiments  with 
the  thermopile  on  the  ultra-red  spectrum  at  a  distance  as  far  below  visible  red  as 
blue  is  above  it;  the  radiation  obtained  there  from  a  body  at  10,  12,  14, and  16 
hundred  degrees  being  1,  l-tJS,  2-47,  and  2-91  respectively,  showing  that  the 
intensity  of  radiation  of  a  given  wave-length  does  not  increase  very  rapidly  with 
temperature  after  a  certain  limit. 


Captain  DS  PLACE— THE  SCHISltOPHONE. 

{Comptes  Bentitu,  Vol.  115,  No,  17, p.  582.) 

This  is  a  microphonic  apparatus  for  testing  metal  for  flaws.  A  sort  of  Crossley 
microphone  consisting  of  rods  of  carbon  is  arranged  on  a  stand.  The  rods  fonn  n 
triangle  or  square,  and  surround,  but  apparently  do  not  touch,  a  steel  rod.  This  rod 
is  caused  by  any  suitable  means  to  keep  constantly  tapping  on  the  piece  of  metal  to 
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be  tested.  The  microphone  is  joined  up  in  circuit  with  a  battery,  and  a  coil  in  an 
adjacent  room.  The  coil  is  fixed  at  one  end  of  a  long  graduated  rod,  and  another 
coil  is  connected  to  a  telephone  and  moved  awaj  along  the  rod  till  the  sound  in  the 
telephone  due  to  the  induction  of  the  fixed  coil  on  the  movable  one  is  almost  nil. 
Keeping  the  two  coils  in  this  position,  the  piece  of  metal  (rail,  armour  plate,  &c.)  is 
then  slowly  moved  past  the  instrument  by  an  assistant,  the  rod  still  tapping  on  it. 
Any  flaw  in  the  metal  is  at  once  detected  by  the  sound  in  the  telephone  increasing. 
In  testing  pieces  of  metal  of  varying  shape  and  thickness  a  table  is  drawn  up,  from 
tests  on  a  sample  known  to  be  good,  of  the  proper  distance  between  the  coils  at 
which  the  sound  should  nearly  vanish  when  the  tapper  is  on  different  parts  of  the 
test  piece,  and  deviations  from  these  distances  when  testing  a  similar  piece  denote 
the  presence  of  flaws.  The  taps  should  not  be  more  rapid  than  two  in  three 
seconds,  and  the  tapper  is  best  worked  pneumatically  by  a  ball  and  tube,  like  an 
instantaneous  shutter. 


K.  ABBJlHAM— NEW  DETERMINATION  OF   "  t." 
(^Journal  de  Phynque,  September y  1892,/).  361.) 

The  capacity  in  electrostatic  units  of  a  certain  air  condenser  was  calculated 
from  its  linear  dimensions,  which  were  measured  with  great  accuracy.  Its  capacity  in 
electro -magnetic  measure  was  determined  experimentally  ;  the  ratio  between  the 
two  values  for  the  capacity  being  "  i'."    The  second  value  was  obtained  as  follows : — 

By  means  of  a  rapidly  revolving  commutator,  driven  at  a  known  and  perfectly 
constant  speed,  the  condenser  was  alternately  joined  to  a  charging  battery  and  dis- 
charged through  two  coils  of  a  Thomson  galvanometer.  The  effect  of  the  interrupted 
current  thus  obtained  was  exactly  counteracted  by  passing  through  the  other  two 
coils  of  the  same  galvanometer  a  small  known  and  adjustable  current  obtained 
(potentiometer-wise)  from  the  charging  battery  itself.  The  constants  of  the  two 
coils  were  accurately  known,  and  thus  sufficient  data  obtained  to  arrive  at  the 
capacity.  The  commutator  was  driven  by  a  1-H.P.  Gramme,  apparently  at  about 
40  per  second.  The  speed  was  known  to  1  in  2,000,  and  all  other  values  to  well 
within  this  limit.  The  details  of  the  optical  measurement,  both  of  speed  and  also  of 
the  distance  between  the  plates  of  the  air  condenser,  are  illustrated.  The  measure- 
ments were  repeated  on  five  different  days,  three  times  each  day ;  the  apparatus 
being  more  or  less  taken  to  pieces  between  each  set  so  as  to  avoid  constant  sources 
of  error.  The  fifth  day  another  condenser  was  used,  and  the  results  were  still 
concordant.  Before  each  test  the  commutator  was  run  with  the  condenser  dis- 
connected and  its  own  capacrity  and  that  of  the  wires  determined-    The  results 

give— 

r  «  2i)92  X  lOio  +  0003. 


H.  ABBAHAtf^THE    OUTPUT  OF  AN   INFLUENCE  MACHINE. 
{Journal  de  Physique,  October,  1«92,  p,  409.) 
This  is  carried  out  much  on  the  same  lines  as  the  previous  investigation.    An 
influence  machine  was  made  as  closely  as  possible  the  theoretical  machine.    The 
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inducing  plate  was  charged  bj  a  batteiy,  and  tlie  machine  discharged  through  a 
differential  galvanometer  ai  above,  the  effect  being  neatrali!«ed  in  the  same  waj. 
The  plate  was  rotated  at  constant  speed  bv  a  Gramme  machine.  The  results  show 
(1st)  that  with  speed  constant  the  output  is  directly  proportional  to  excitation— the 
author  believes,  to  1  in  10,000;  (2nd)  with  excitation  constant  the  output  is 
directly  proportional  to  speed  (to  1  in  1,000). 

Bj  way  of  a  check  the  theoretical  output  was  determined  from  the  dimensions 
of  the  machine,  and  thence  the  value  of  <*  v  "  calculated.  It  came  out  2*98  to  8*01 
X  10  ^o,  which  shows  that  the  results  are  not  very  far  wrong.  The  difference  is 
dae  to  uncertainty  as  to  which  of  two  corrections  to  allow  for  the  inside  edges  of 
the  plates.  _ 

P.  OSMOWD— THE  RESISTANCE  OF  IRONS  AND  STEELS. 

{Lumiere  £lectriqw,  Vol.  46,  No,  41,  p.  93.) 

The  specific  resistance  varies  very  much  with  composition,  and  also  with  liard- 
ness.  Pure  electrolytic  iron  has  a  specific  resistance  r^  (resistance  between  the 
faces  of  a  1-cm.  cube  at  zero  C,  in  microhms)  of  9*4 ;  iron  wires  with  various  percent- 
ages of  carbon,  from  10  to  16*7 ;  piano  wire,  11*8  ;  steel  with  8  per  cent,  silicon,  88 ; 
steel  with  25  per  cent,  nickel  (magnetic),  45;  steel  with  25  per  cent  nickel  (non- 
magnetic), 76 ;  Uadfield  manganese  steel  (18  per  cent.  Mn),  81.  The  temperature 
coeflScient  (between  10^  to  85^)  falls  in  about  a  parabolic  curve  with  increase  of 
specific  resistance ;  soft  iron  having  r  «  9*4  and  T.C.  «  0*54  per  cent. ;  hard  cast 
steel,  r^  -  80,  T.C.  «0*18  per  cent.  (cf.  Barns  and  Strouhat,  U.S.  Survey,  1885).  Le 
Chatelier  has  also  given  curves  of  resistance  with  temperature,  showing  that  the 
T.C.  of  iron  alloys  is  a  very  variable  quantity  at  high  temperatures.  Two  samples 
of  steel  rose  steadily  about  0*6  per  cent,  per  degree  to  710°,  then  the  curve  of  resist- 
ance and  temperature  suddenly  changed,  and  the  resistance  rose  1*2  per  cent,  per 
degree  till  800^,  after  which  it  rose  only  0*2  per  cent,  per  degree.  If  suddenly 
cooled,  it  retains  in  part  the  high  resistance  it  had  reached  at  the  high  temperature. 
The  curves  of  several  other  irons  and  steels  are  given,  which  show  similar  sudden 
changes  of  T.C.  Tempering,  even  when  very  slight,  lowers  the  resistance.  On  one 
sample  heating  to  60"  for  three  hours  (the  effect  is  gradual)  made  a  difference  of 
over  1  per  cent,  in  r^,  while  tempering  in  melted  lead  for  half  an  hour  reduced  r^ 
by  50  per  cent.  M.  Osmond  has  found  no  e  fTect  on  r^  of  very  soft  steel  by  drawing 
(though  Cowleson  has  shown  that  when  a  hard-drawn  iron  wire  is  annealed  at  a 
dull  red,  r^  diminishes  4  per  cent).  If  this  is  true,  it  is  of  practical  ^-alue,  since 
we  may  draw  down  wire,  and  thereby  increase  irs  strength,  without  increasing 
its  r^ ;  and  of  theoretical  interest,  in  that  its  electrical  resistance  will  be  its  only 
property  that  is  not  influenced  in  the  same  direction  by  drawing  and  by  annealing. 


S.    VAH   AITBBli— THE    INFLUENCE    OF    MAGNETISM     ON    THE 
LENGTH    OF   A    BAR    OF    BISMUTH. 

(Journal  de  Phyaiipie,  Oct.,  1892,  p.  424.) 

The  author  took  special  care  to  have  his  apparatus  as  rigid  as  possible.     The 
bar  of  bismuth  wa^  about  80  col  long,  and  was  supported  on  a  massive  copper 
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casting  bnilt  into  a  cellar  wall.  The  bismuth  was  surrounded  by  a  magnetising 
coil,  and  its  upper  end  acted  on  a  long  horizontal  lever,  the  motions  of  the  bar 
being  multiplied  18  times  at  the  end  of  the  lever,  where  a  small  plate  of  plane  glass 
was  attached  horizontally.  A  total  reflection  prism  was  placed  close  under  the 
glass,  one  side  being  horizontal  and  the  other  vertical.  Monochromatic  sodinm 
light  was  then  thrown  on  the  hypotenuse  of  the  prism,  whence  it  was  reflected  on 
to  the  glass  plate,  thence  back  to  the  hypotenuse  and  into  a  microscope,  through 
which  the  interference  fringes  in  the  air  space  between  plate  and  prism  were 
observed.  By  this  means  a  variation  of  -000  000  008  in  the  total  length  conld 
have  been  determined.  No  movement  whatever  could,  however,  be  detected  when 
the  magnetising  current  was  switched  on  ;  consequently,  if  there  is  any  effect,  it 
must  be  taken  as  less  than  this  amount.  The  magnetising  force  (mean  intensity 
of  the  field)  of  the  coil  was  measured  by  the  rotation  of  the  plane  of  polarisation 
of  a  ray  of  polarised  light,  and  found  to  be  1,089  C.G.S.  units.^ 


ff—LlGHT  AND  POWER  IN  GLOW  LAMPS. 
(^Elektrotechnische  Zeitschrift,  Vol  13,  No.  50,  p.  667.) 
The  results  in  tables  and  curves  are  given  of  a  set  of  experiments  carried  out  at 
the  Municipal  Lighting  Station  at  Cologne  with  alternating  current  Three  groups 
of  six  16-C.P.  lamps  were  run  at  voltages  such  that  the  efficiency  at  starting  was 
1'78,  2-74,  and  8'32  watts  per  C.P.  for  groups  A,  B,  and  C  respectively  ;  ^nd  cun'es 
are  given  of  both  watts  per  C.P.  and  percentage  of  original  C.P.  during  about  1,000 
hours.  The  latter  curve  drops  veiy  quickly  at  first  and  slower  afterwards  for  A 
and  B,  and  at  1,000  hours  reached  18  and  24  per  cent.  The  curve  of  C  fell  in  a 
straight  line  to  62  per  cent  The  *^  Watts  per  C.P."  curve  of  A  and  B  rose  much 
more  rapidly  than  that  of  C,  and  cut  the  latter  close  together  at  about  150  hours. 
At  1,00U  hours  A  was  7,  B  6*8,  and  C  6*6  watts  per  C.P.  With  these  lamps 
(Kohtinski),  at  any  rate,  it  is  very  bad  economy  to  over-nui  them.  The  following 
(condensed)  table  gives  the  averaged  results  obtained  from  more  than  500  lamps  of 
28  makers  and  49  different  types.  The  first  column  gives  the  watts  per  candle  at 
starting,  the  voltage  being  kept  constant  throughout : — 


0 
Hours. 

100 
Hours. 

200 
Hours. 

400 
Hours. 

700 
Hoiint. 

1 

1      o-> 

1,000 
Hours. 

5 '7 

1,200 
!  Hours. 

1      2-4 

2-8 

3-3 

4-2 

1      ''^ 

2-9 

3-0 

3-3 

3-8 

1      4-1 

6-3 

G-3 

3-3 

34 

3-5 

3-7 

1      4-2 

5  0 

,      56 

3-8 

41 

4-3 

4-7 

,      "•« 

G-3 

.      G-7 

4-5 

" 

4-9 

5-4 

!  '■' 

7  0 

71 

1 

The  4'6-watt  lamps  were  a  bad  make.  The  best  lamps,  both  for  constancy  of 
C.P.  and  efficiency,  were  those  designed  for  about  8*4  watts.  The  experiments 
incidentally  showed  that  the  efficiency  was  the  same  for  alternating  and  direct 
*-urrent. 
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Af  ABT— PERMANENT  MAGNETISM  OF  NICKEL  AND  STEEL. 

(Centralzeitung  fur  Opt  und  2fech.,  11,  No.  20,  p.  229.) 

Bars  of  nickel,  glass-liard  steel,  and  straw-colour  tempered  steel,  all  of  roughly 
the  same  dimensions,  were  magnetised  in  a  spiral,  and  their  permanent  magnetism 
measured  by  magnetometer.  For  low  magnetising  power  the  P.M.  of  the  nickel 
was  4-8  and  4*3  times  greater  than  that  of  the  hard  and  tempered  steel  respectively. 
!For  high  powers  the  steels  were  three  and  four  times  stronger  than  the  nickel. 
Nickel  showed  signs  of  saturation. 


TBL.  1.0HNSTBIK— THE  PASSAGE  OF  WEAK  CURRENTS  THROUGH 

ELECTEiOLYTES. 

(  Wtedemann"9  Aniialen,  Vol  47,  No.  10,  p.  299 ;  Lumidre  E/ectrique,  Vol.  46, 
Nos.  i5,  4^6,  pp.  288,338.) 

The  measurements  were  princfpally  made  with  zinc  plates  in  a  zinc-sulphate 
solution.  A  ballistic  galvanometer  of  about  1*4  «  resistance  was  connected  to  the 
two  zinc  plates ;  the  needle  was  then  deflected  by  a  magnet,  allowed  to  oscillate 
freely,  and  the  log.  dec.  noted.  In  swinging,  it  set  up  a  slow,  small  alternating 
current  through  itself  and  the  electrolyte,  thus  increasing  the  damping  of  the 
needle.  Having  taken  the  log.  dec.  on  open  circuit,  the  total  resistance  in  circuit 
can  be  calculated  (the  theory  is  given  at  full  length)  from  the  fact  that  log.  dec. 
ss  a  +  6/R,  a  being  a  constant  depending  on  the  air  damping,  and  b  on  current 
damping.  R  is  the  total  resistance  in  circuit.  The  log.  dec.  on  open  circuit,  R 
being  =  go,  gives  the  a  constant :  this  varies  a  little  with  temperature,  &c  ;  in  the 
case  mentioned  a  =  0-011  to  0*015,  and  b  about  0*368.  The  (maximum)  current 
was  of  the  order  of  2  microamperes.  The  log.  dec,  closed  through  the  liquid,  was 
generally  of  the  order  of  0*06.  Measurements  by  bridge  and  telephone  generally 
confirmed  the  results.  With  polished  zinc  there  was  great  surface  resistance,  and 
silence  could  not  be  got  in  the  telephone-bridge  method.  By  depositing  pure  zinc 
on  the  electrodes  more  reasonable  results  were  got ;  with  a  very  rough  deposit, 
measured  immediately,  a  very  low  and  apparently  true  ohmic  resistance  was 
measured  which  agreed  with  the  bridge  method,  almost  perfect  silence  being  now 
obtainable ;  after  standing  some  time,  the  resistance  became  much  larger.  A  fine- 
grained close  deposit  gave  much  higher  values.  Freshly  amalgamated  zincs  also 
gave  true  resistance;  but,  after  standing,  the  spurious,  or  surface,  resistance 
appeared.  Experiments  with  copper,  and  also  silver,  gave  similar  results ;  but  the 
true  resistance  could  only  be  got  by  amalgamation,  not  by  deposition.  The  author 
thinks  it  probable  that  the  spurious,  or  surface,  resistance  may  be  due  to  a 
condensation  of  the  liquid  at  the  surface  of  the  electrode. 


▲.  OBB&BSCK— THE  RESISTANCE  OF  ALLOTROPIC  SILVER 

(  WiU  AruL,  Vol,  47,  No.  11,  i>.  353 ;  Luol  El,  Vol  45,  No.  S&,p.  348.) 

The  author  was  trying  to  make  high  resistances  by  depositing  thin  sheets  of 
silver  on  glass,  but  found  them  unreliable,  the  original  resistance  being  far  higher 
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than  that  calculated  from  the  thicknpas.  A  film  the  first  day  measared  683  w;  on 
the  4th,  20drd,  and  641st  days,  895  «.  60*6  «,  and  58*5  w  respectively.  The  films 
remained  perfectly  unchanged  in  reflecting  power  and  colour  by  transmitted  light. 
The  author*8  silver  was  therefore  very  much  nearer  the  normal  btate  than  that 
mentioned  in  Mr.  Carey  Lea's  researches  on  allotropic  silver  (PAiV.  Mag.,  1890-91). 
Working  with  the  various  coloured  forms  of  Mr.  Lea,  the  conductivity  was  found  to 
increase  after  warming  (110°  and  160^),  generally  some  thousand  -  fold ;  and  in  some 
cases  the  resistance  fell  from  infinity  to  a  few  hundred  ohms  or  less.  Two 
varieties,  however,  were  always  iufinity.  Exposure  to  sunlight  decreased  the 
resistance  continuously  till,  in  two  hours,  it, reached  about  one-tenth  its  fonner 
value.  Pieces  were  cut  off  from  time  to  time,  half  of  each  being  in  the  shade.  The 
effect  was  cumulative  and  permanent,  the  decrease  of  the  sunned  piece  over  the 
other  increasing  with  the  time  of  exposure,  and  the  ratio  between  each  pair  re- 
maining aboat  the  same  after  three  montha  The  effects  of  various  acids,  and  also 
of  exposure  to  currents  of  damp  and  dry  air,  on  the  resistance  are  also  given  at 
length.  The  author  concludes  that  these  resistance  effects  strengthen  the  belief 
in  a  true  allotropic  form  of  silver  as  held  by  Mr.  Lea. 


AWOW.— JOINING  METAL  TO  GLASS. 

(Beiblatter,   Vol.  16,  No,  7,  p.  458;    CkntraJzeiUmg  fvtr  Opt,  nnd  Mech.,  IS, 

p.  77,1892.) 

Five  per  cent  of  melted  copper  is  added  to  95  per  cent  melted  tin,  and  the 
alloy  granulated  and  re-melted.  It  holds  excellently  to  clean  glass,  and  Yiaa  nearly 
the  same  coefficient  of  expansion.  Melting  point,  860°  C.  A  small  addition  of  lead 
makes  it  softer  and  more  fusible  ;  zinc  has  the  opposite  effect. 


ANOH.-DESCARTES  ON  THE  MAGNETIC  CIRCUIT. 
(Lumiert  Electrique,  Vol  45,  No.  27,  p.  45.) 
Descartes  in  1656  gives  a  theory  of  magnetism  which  is  curiously  suggestive  of 
the  modem  theory  of  lines  of  force  and  the  magnetic  circuit  He  considers  that  all 
magnets  are  due  to  loadstones,  &c.,  having  been  traversed  by  a  ^^  subtle  fluid  "  which 
is  constantly  flowing  out  at  the  north  pole  of  the  earth,  curving  round  in  the  air,  and 
re-entering  at  the  south  pole,  whence  it  retum3  to  the  north  pole  again  by  **  pores.*' 
These  '^  pores,"  or  tubes,  which  appear  to  exist  in  all  substances,  are  lined  with 
what  may  be  called  bristles,  which  stick  out  in  all  directions,  but  may,  by  the  act  of 
magnetisation,  be  all  set  one  way  and  allow  the  magnetic  fluid  to  pass  freely.  The 
set  is  permanent  in  steel,  and  temporary  in  soft  iron.  The  flow  of  current  is  much 
more  rapid  and  easier  in  iron  than  in  air,  and  a  magnet  does  not  lose  strength  by 
magnetising  a  piece  of  iron  in  its  neighbourhood,  but  the  contrary,  as  the  iron  offers 
an  easier  path  than  the  air  and  more  fluid  flows. 


—  CABDAHZ-ON  THE  HEATING  OF  BARE  WIRES. 
{LamUre  Electrique,  Vol.  46,  No.  45,;>.  288.) 
The  wires  experimented  on  were  fixed  between  two  supports  and  their  rate  of 
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vibration  determined  ;  they  were  then  traversed  by  a  current  and  the  rate  of  vibration 
again  determined:  from  this  their  temperature  was  deduced.  The  latter  was 
foand  to  follow  fairly  regular  laws,  which  are  discussed,  and  the  following 
results  are  given.  The  current,  C,  required  to  raise  a  wire  of  d  millimetres  diameter 
isC  ^ad\ where 

K  »  coefficient  of  radiation  +  convection,  $  «  rise  of  temperature  above  air,  /3  '^ 
temperature  coefficient  of  the  wire,  p^  —  specific  resistance  at  the  temperature  of 
the  air,  and  21/5  joules  »  1  calorie. 
Values  of  a  for  copper : — 


■   Diameter. 

1 

5°. 

l^io. 

20°. 

30°. 

40°. 

50°. 

0-1 

9-79 

18-88 

19-52 

23-80 

27-51 

30-68 

0-8 

6-98 

9-77 

18-78 

16-70 

1917 

21-24 

0-5 

5-82 

819 

11-49 

18-96 

16-00 

17-76 

0.8 

4-79 

6-74 

9-45 

11-48 

13-14 

14-58 

10 

4-47 

6-23 

8-73 

10-60 

1214 

13-46 

20 

8-47 

4-88 

6-83 

8-28 

9-47 

10-49 

30 

8-06 

4-29 

6-00 

7-27 

8-81 

9-20 

S.  BUfiXJI'BRONZE  WIRES  FOR  TELEGRAPH  PURPOSES. 

(^Journal  Teletfraphitpte,  Vol,  16,  No.  9,  p.  229.) 

Bronze  wires  were  first  brought  in  for  telephone  work,  and  were  found  a  great 
improvement.  When  the  author  first  tried  them  for  telegraph  work  on  a  long 
Belgian  line,  he  found  that  they  were  subject  to  a  peculiar  fault  He  had  two 
parallel  lines  across  Belgium  in  the  main  Paris-Berlin  route.  These  both  usually 
worked  Hughes  satisfactorily.  At  times,  however,  he  found  the  two  lines  affect 
each  other  veiy  badly,  but  then  one  could  be  worked  Morse  and  the  other  Hughes. 
The  interference  occurred  only  in  dry  weather,  and  towards  the  middle  of  the  day— 
not  at  all  on  damp  days.  After  much  trouble,  the  author  found  that  the  fault  was 
due  to  static  induction,  which  was  counteracted  in  iron  wires  by  inductance,  but  the 
inductance  in  the  bronze  wires  being  so  much  less  allowed  it  to  show  itself.  The 
fault  was  much  decreased  by  using  Van  Bysselberghe  apparatus,  which  partially 
restored  to  the  line  the  inductance  that  it  lacked. 


-CALCULATIONS  ON  THE  MAXIMUM  SPEED 
FOR  AN  ELECTRIC  RAILWAY. 

(EUktrotecknitche  ZeiUehrift,  Vol.  18,  No.  AS,  p.  581.) 

The  theoretical  maximnm  speed  of  a  perfect  motor  on  rails  is  taken  at  600 
kilometres  (810  miles)  per  hour.    This  is  on  the  level,  with  curves  of  not  less  than 
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20  kilometres  (12  miles)  radius,  and  12-foot  driving  wheels.  The  problem  o{  an 
electric  locomotive  and  two  cars  is  then  investigated  at  considerable  length,  and  the 
author  appears  to  have  considerable  doubts  whether  the  proposed  250  kilometres  ^ 
hour  on  the  projected  Vienna  and  Buda-Pesth  line  of  Messrs.  Ganz  is  feasible. 
The  author  would  put  the  maximum  at  not  more  than  200  kilometres  (120  miles), 
if  as  high. 


BBOS.— APPARATUS  FOR  MEASURING  PERMEABILITY. 

(^Lumiore  EJectrique,  Vol.  40,  No,  45,  ;j.  278.) 

The  instrument  resembles  the  ordinarj  Siemens  dynamometer.  The  moving 
coil  is  traversed  by  a  constant  and  known  current*— say  2  A.  The  fixed  coils  ate 
solenoids,  traversed  by  another  known  current,  and  into  them  pieces  of  the  iron  to 
be  tested  are  Inserted.  The  moving  coil  is  brought  back  to  its  zero  position  by  & 
spring  on  a  torsion  head,  as  in  the  dynamometer,  readings  proportional  to  B  and 
H  being  obtained  with  and  without  iron  in  the  solenoid  respectively.  Absolute 
measurements  may  be  made  by  employing  a  bifilar  suspension  for  the  coil  instead 
of  a  spring,  and  using  the  earth's  control. 
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